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more than 5@ years 
of experience in 
designing and 
building dryers 

for industry... 


Louisville 
dryers 


used throughout 

the world for 

great efficiency 

with low maintenance 


LOUISVILLE DRYING 
MACHINERY UNIT 


GENERAL AMERICAN 


TRANSPORTATION CORPORATION 


Dryer Sales Office: 139 S. Fourth Street, Louisville 2, Kentucky 
General Offices: 135 South LaSalle Street, Chicago 90, Illinois 
in Canada: Canadian Locomotive Co., Lid., Kingston, Ontario 
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KNOW THE RESULTS 
BEFORE YOU BUY 


Lovisville engineers will test your 
dryer needs in our laboratory. When 
required, a pilot model will be 
checked in your plant before tull- 
size dryers are built. 

Louisville's creative engineering 
pre-determines results for you! 
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VARIORIVE 


Give your machines any and every 
speed to a split rpm within a range 
of 10 to 1. Varidrive accomplishes 
in a single power unit the functions 
of a motor, speed changer, gear box 
and controls, to occupy little more 
space than a fixed speed motor. The 
Varidrive will upgrade the quality 
of your work, step up your ma 
chine’s output 10%, 20%, 30°F 
U. S. ELECTRICAL MOTORS Inc 
Ia Les Angeles 54, Calif. Milford, Cons 


MOTORS MAIL COUPON FOR VARIDRIVE BULLETIN 


US. Electrical Motors tac 
Box 2058, Los Angeles 54, Calif. or Milford, Cone 


: ADDRESS 
8 city ZONE STATE 








NATIONAL CARBON OFFERS 


MORE AND MORE FOR YOUR MONEY IN... 
2 New “KARBATE” Centrifugal Pumps 


+ 
| CATALOG SECTION S-7250 


ata ica) conan 


pons ® Design improvements 


® Materials and details 
of construction 


® Standardization of parts 
® Assembly information 


® Model types, sizes, 


capacity ranges 
My’) ‘New Designs... J 

“Miitereved Performance oe 

, - (Two pump types in o number of sizes ond models) - 
+ ax P Mechanical seal with enclosed coolant , aes, | 
D> Rugged Type SN armored connectio e Ordering information 
} Maximum interchangeability of parts 

y > Capacities from 5 to © 1500 gallons per minute “ ¥ ; 

“SS e Pump efficiencies to 60% / - I9 WRITE FOR YOUR COPY 
| Bia 2ishoree preuvres'o 100 pov pe: siti Now! 


ce ce 


® Dimensions 


~<; 
‘ SS 


Se 


ALL" KARBATE” IMPERVIOUS GRAPHITE EQUIPMENT GIVES YOU: 


® OUTSTANDING CORROSION RESISTANCE 
@® COMPLETE IMMUNITY TO THERMAL SHOCK 
@ FREEDOM FROM METALLIC CONTAMINATION 
@ LONG LIFE—LOW MAINTENANCE 
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..-A CONSTANTLY IMPROVING LINE 


Specify “National” Carbon and Graphite and “‘Karbate” Impervious Graphite 
Equipment for Processing, Conveying and Storing Corrosive Fluids. 


Wide variety of standard and 
custom-built models in time- 
proved designs. Shell and tube, 

“~ concentric and immersion types 
available in stock sizes. Catalog 
Sections S-6620, S-6670, S-6740, 
S-6750. 


Accepted material for lining tanks, 
towers, digesters and other vessels. 
containing corrosive chemicals. Cata- 
log Section S-6210. 


New “Karbate” coolers feature 
standardized, sectional construc- 
“tion ... high heat-transfer rate 
. .. low initial cost. Catalog Sec- 
tion S-6820. 


“‘National’’ Graphite Ground 
Anodes for cathodic protection of_, 
buried or submerged metal struc- 
tures. Catalog Section S-6510. 


The terms “National” and “Karbate” 
are registered trade-marks of 
Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and 
Carbon Corporation 
30 East 42nd Street, New York 17,N.Y. 


District Sales Offices: 
Acianta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


tn Canada: National Carbon Limited, 
Montreal, Toronto, Winnipeg 
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SPARKLER 


MODEL MCR 


A new fast action, heavy duty filter. 60 second opening 
or closing. Available with jet spray plate wash-off or with- 
out jet spray for hand cleaning of semi-dry cake. Sizes 
from 100 sq. ft. to 2000 sq. ft. of filtering surface. 
Recommended for products with a heavy residue and 
for removal of large percentage solids. 


Standard Horizontal Plate Models 


For many years the accepted stand- 
ard for fine filtering. Positive cake 
stability, no slipping or cracking, un- 
der any pressure variation or with 
complete shut-down of filtering, is an 
exclusive feature of the Sparkler hori- 
zontal plate filter that has earned a 
wide acceptance and use of this filter 
Filter aids can be floated on the plate 
evenly at low pressure and fine sharp 
filtration obtained right from the 
start with a thin low density pre-coat 
No other filter can match this per- ! 
formance. Available in plate capaci- 

ties up to 150 sq. ft. of filtering sur- ——=—= 

face. ‘Tanks and plates available in a 

wide range of metals including Hastel- 

loy, stainless steel, etc. 

















Write Mr. Eric Anderson for personal 
service on your filtering requirements. 


MUNDELEIN, ttt. 


Service representatives in principal cities: ° Sparkler Western Hemisphere 
Corp., Mundelein, Il!., U.S.A. ° Sparkler International Ltd., Prinsengracht 876, 
Amsterdam, Holland * Kamitter & Co., 35 Chitturanjan Ave., Calcutta 12, India. 
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LETTERS 
TO THE EDITOR 


Sulfur Serubbing 


Gamson and Elkins’ paper on 
Hydrogen Sulfide (“C.E.P.” 
and their development of theory and 
method of calculating equilibrium conversion 
is a distinct contributior Chey might 
have referred to the formation of mon 
atomic sulfur at “ftree-flame” temperatures 
for an explanation of the higher-than-calcu 
lated equilibrium conversions obtained at 
high temperatures, particularly at the “‘free- 
flame” temperatures. The higher-than-cal 
culated conversions obtainable 
temperature range is due, we 
published thermodynami 
conversions lov 
laborator 
de 
sulfur recovery have been unfair is 
to give credit to the devek pment ol 
sulfur-scrubbing tower and circulation 
tem for cooling and condensing th 
vapor and removing the mist formed in 
condensation step. This was a development 
{ the Southern Acid & Sulphur Company 
who built and operated the first two com 
mercial sulfur-recovery plants on the North 
\merican continent, using their own modi- 
fications of the Claus process. The two pet 
ns most responsible for this development 
were S. L. Nevins and J. S. Gilliam, both of 
Southern Acid & Sulphur Company, who 
developed the  sulfur-circulation feature 
which made these pioneer operations a suc 
cess. (Ref. U.S.P. 2,403,451 and U.S.P 
2,495,095) To-day there are hardly any 
commercially operating  sulfur-recovery 
plants employing modifications of the 
“hot” Claus process which do not have 
a circulating sulfur-scrubber operation in 
their process 
S. ScCHWARTz, 
Consulting Engineer 


New York, N. ¥ 
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2. No small parts 
metal-to-metal Does not subject to 


contact stick quick corrosion 


seven ways better 


In the past, just one or two of these advantages were 
enough to justify the use of a particular chemical 
service valve. Now DURCO engineers have designed 
a valve with all seven features. With several thousand 
in operation in the three years since they were intro- 
duced, the list of successful applications is large and 
varied. If you have a troublesome corrosion prob- 
lem, call the DURCO representative near you, or 


write The Duriron Company, Inc., Dayton, Ohio. 


DURCO TYPE F VALVE. 


* Registered trade-mark of E. 1. duPont de Nemours & Co 


bebbeebeeeee 


4. 5. 


Requires Non-lubricated 
no packing 


é. 
Minimum 
maintenance 


, A 
Renewable sleeve 
and plug 
for maximum life 


, Inc., for its tetrafluoroethylene resin. 


THE DURIRON COMPANY, INC., Dayton, Ohio 
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REMOTE TANK GAUGING 


at the flick 


of a switchl... 


More on Registration 


FIGURE 

NO. 9200-R 
KEY SWITCH 
TYPE 


" REMOTE READING 


; 4 Frederick W si 
TANK GAUGE RECEIVERS i ivciccsicn sev 


This newly designed “VaREc” Tank Gauge Receiver is 
equipped with 36 key-type switches instead of the usual 
dial selector. Tank selection is positive and more rapid. m 
Human error is reduced to a minimum because each ion Committe: 
switch is associated with its individual tank. The 

Receiver design is flexible permitting easy custom panel 


A New Nome 
installations when desired. Tank numbers may be changed 


read 


to suit user’s convenience. This latest addition to the \ustir “ 
“VAREC” line of Electronic Gauger Systems is fully 
described and illustrated in Bulletin No. CP-3003. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S.A. 

Cable Address; VAREC COMPTON USA (All Codes) 

New York « Boston « Pittsburgh + Chicago « Detroit + St. Louis 


Greeks had a w 


Viiat it was 


Houston * Tulsa * Minneapolis « Los Angeles + San Francisco « Seattle 


MAIL COUPON NOW FOR NEW BULLETIN CP-3003 


aii THE VAPOR RECOVERY SYSTEMS COMPANY 
q 2820 N. Alameda Street, P.O. Box 231 
Compton, California, U.S.A. 


Compony Nome 








Name ceemeneennne 


St. ond No. 
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DILUTION STEAM TO FURNACES 


RECYCLE GAS TO FURNACES 


OFF GAS TO FURNACE FOR FUEL 


-| | 


FUEL GAS BLOWER 


FUEL GASES 


COOUNG 
WATER 


FCA 


9AS 


em. I 
GAS ENGINE 
DRIVEN 


COMPRESSOR 
PRECIPITATOR 


CRACKED 
BLOWER 


TAR 
SEPARATOR 
6& COOLER 


FURNACES 


Girdler builds Wulff process plants 
to produce acetylene at low cost 


ITH A GIRDLER PLANT using the Wulff Process you can produce 


W 


natural gas, propane, and butane. Such plants are notable for high efficiency 


high-purity acetylene from readily available hydrocarbons such as 


and flexibility 

All of the cracking energy is supplied by burning process off-gas in 
automatic regenerative furnaces. An oxygen plant is not needed, and energy 
requirements are low. Such plants can be located where desired, since the 
availability of low-cost power is not a major factor. In many areas the 
cost of acetylene is less than that produced by the calcium carbide route 
for either large or small installations. With additional facilities, ethylene 
can be produced as a by-product. 

As with its other processes Girdler offers you complete service design 
engineering, and construction. By centralizing responsibility with Girdler 
you assure coordination and sound results. Call the nearest Girdler office 
for complete information or write for our brochure “History and Economics 


of the Wulff Acetylene Process 


ste GIRDLER c>., 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 


LOUISVILLE 1, KENTUCKY 


GAS PROCESSES DIVISION: New York, Tulsa, Son Francisco . in Conedea 


Vol. 49, No. 8 Chemical Engin 


_ _—_ 
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DIACE TYLENE 


WHEN REQUIRED 
> 


y STEAM TO 
. 
SEPARATION 
- 
PRODUCT 


ACETYLENE 
| 


ACETYLENE 


»E PAR ATION SEPARATION 


GIRDLER DESIGNS processes and plants 
GIRDLER BUILDS processing plants 
GIRDLER MANUFACTURES processing apparatus 


GAS PROCESSES DIVISION: 


Chemical Processing Plants Sulphur Plants 


Hydrogen Production Plants Acetylene Plants 


Hydrogen Cyanide Plants Ammonium Nitrate Plants 


Synthesis Gas Plants Catalysts and Activated 


Plastics Materials Plants Carbon 


oe. 


Girdier Corporation of Canedo Limited, Toronte 
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*K two-mode controllers 
Fixed band plus reset 


Amply sensitive for many processes, these models 
have proportional band set at 150°). Especially 
designed for flow applications, with reset action 
adjustable from 0.2 to 100 repeats per minute 
Available with or without integral by-pass relay 


*K two-mode controllers (Below) 
Adjustable band plus reset 


For processes with short time lags, as well as for 
man: *°ving slow response. Proportional band is 
adjustable from 2 to 150°;. Choice of slow reset 
type—0.01 to 5 repeats per minute, or fast reset 
type—0.2 vo 100 repeats per minute. Both types 
available with or without integral by-pass relay. 


+ three-mode controllers 
Proportional plus rate plus reset 


The newest additions to the Tel-O-Set line, these 
controllers are applicable to processes with slow 
response or long time lags such as are often en 
countered in temperature applications and in 
certain pressure control work. During automatic 
start-up, in particular, rate action prevents over- 
shooting brings the process in line more quickly 
and smoothly than simpler control could do 


All three modes are adjustable. Proportional band: 
2 to 150°,. Reset rate: 0.04 to 20 repeats per minute 
calibrated range, increasable to about 70 per 
minute. Rate time: calibrated range 0.02 to 10 
minutes; minimum time about '4 second. Available 
with or without integral by-pass relay 








Choose a 
Tel.0-Set 


controller 
for the performance 


your job requires 


oo your specific applica- 
tion may demand in the way of 
fast-acting pneumatic control, you'll 
find exactly the right answer in the 
Tel-O-Set controller family. You can 
select the model that gives the type of 
control that fits your specifications to a 
“T”... and not be over-sold nor under- 
equipped . . . but just right in economy 
and performance. 


Each of the eight models offers such 
Tel-O-Set features as sealed-tight de- 
sign, non-bleed pilot valve, simplified 
tuning, easily-read dial calibrations. 
Each utilizes the pneumatic balance 
principle . responds instantly to 
process changes. Dead zone is less 
than 0.04 psi. Applications cover pres- 


Ho 


BROWN | 


sure, liquid level, flow and temperature. 


Designed to work with Tel-O-Set mini- 
ature indicators and recorders, these 
compact controllers are unaffected by 
vibration and ambient 
changes. They need 
maintenance .. . 


temperature 
practically no 
can have a split mani- 
fold to permit removal of the controller 
while on manual by-pass. 


Your local Honeywell engineering rep- 
resentative will be glad to discuss your 
control applications 
near as your phone. 


and he’s as 


MINNEAPOLIS- HONEYWELL REGULATOR 
Co., Industrial Division, 4427 Wayne 
Ave., Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Specification Sheets 768 and 771 


neywell 


NSTRUMENTS 


Fouts in Couttiols 





NOTED @ AND QUOTED 


What Makes the Scientific Freedom to Work 
Mind Scientific? 


special freedor 


( reative 
nce but 
chance 
Sundays and g ture and from 
it his tamuly’s insis culture. From 
rentist, more than mos stances 


vork the mental and ih heen | 


1 


tional rewards which should and tial factor in 
produce the greatest results ar 


al 


activity flourishes 


yreatest personal satistactions independence and individual 


These satisfactions stem from two dom 
qualities of tl scientific mind. One ts Given the qualities of 
curiosity The other is an ability to the driving curiosity 
work out solutions objectively and gain in enjovment 
new knowledge independently and in the 

Compact photochemicalequip- 9 scientists own way. Scientists, above 
ment for continuous flow, 9 ll, are people who have retained 


. : ; childlike « osit hicl ar oft us 
batch or recycling processes is Te ee ae ee 
. ee, lose as we grow up Thev have wanted 
well recognized for volume : 
: ; y very much to find out about things and 
production. Hanovia lamps 
offer many distinct advantages 
. @ } ~} ice < OSs hle 
and, frequently, economies : thev w int to know Moreover they h ive - _— " —_ yn ‘ ” i 
over other techniques for ienoned tee Ghev can God ont tines fos is problem, that wi 
achieving identical reactions. 


intelhg 


faculties are 
management 


to cause a minimum 


scientific researchet 
learned that within certain limit 


. agement volicies tl 
can, little by little, discover what 


' 1 
| make 


1 } him to work 1n 1 
themselves isking someone else 


Photochemical techniques by looking it up in a book (granti her ogi os 

may reveal interesting possi- Jp, = {!t 't could he “eer 7 “a ~ | " 

bilities for your manufactur- on —— po Satemtiote at catia onal 
ing processes. Write today for ae Cer Sianerens , : aya?" . ee 
descriptive literature. 


kecame master of himsel nd 1 n ire stubbort | independent 

. , Lisel , 
mediate environment is p ) ns ‘ little patience 
Inological make up re screntist 1 eT! nnecessary 


Special Products Division — Dept. CEP-853 ] 


ho has been ftortur enough 


ae vocation which meets this 1 
a i ‘A ie gaining of knowledge ts u 
CHEMICAL & MFG. CO Se = form of mastery, and deeply 
. . 


‘ hus, the success of the 
100 Chestnut Street, Newark 5, W. J. G - M 
; depends to an exceptional 


currosit. love of the job ‘ | Anne Roe 


initiative New York Times Magazine 
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uflovate PROCESSING KETTLES 


are available in our Research Laboratory 


To TEST NEW PROCESSES and NEW PRODUCTS 


New and untried processes frequently present 
unexpected problems. The safest procedure is to 
process a quantity of the product and observe the 
results. Such facilities are available in the BUFLO- 
VAK Research and Testing Laboratory. Results 
show positively what is needed for your processing. 
Kettles can then be designed and built to most 
economically and profitably fulfill your expected 
requirements. 

Taking a new look at present methods that have 
been “going along all right for a long time,” fre- 
quently comes up with some startling new ideas. 


48-PAGE 
COLOR BOOKLET 


So detailed it is literally a 
handbook on Heating. ..Cool- 
ng Drying, etc 


BLAW-KNOX 


Vol. 49, No. 8 


You can save time, cut costs, and make better 
products, by using BUFLOVAK Kettles in your 
processing. BUFLOVAK Kettles have proved to 
be a vital part in processing operations .. . and 
operations can be progressively performed in the 
same unit, thus speeding up production, lowering 
investment costs, and increasing profits. 

BUFLOVAK Kettles perform a number of 
very basic operations; heating, cooling, mixing, 
extracting, reacting, distilling, evaporating, drying, 
and solvent recovery. Vacuum, atmospheric, or pres 
sure operations can be provided. 

Kettle sizes range from the one gallon labora 
tory size to massive 3000-gal. units. 

Positive mixing and thorough cleaning of the 
heating surface is provided by eight distinct types 
of agitators with modifications to meet the individ 
ual need. 

Yes, you will profit, as are so many varied 
industries today, by specifying BUFLOVAK Prox 
essing Kettles 
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PLAN FOR HIGH TEMPERATURE, LOW 
PRESSURE HEAT WITH DOWTHERM 


DOWTHERM operates in a closed system for greater uniformity... 


with temperatures up to 750°F. held to a fraction of a degree! 


1,i 


\apasbovvehenss ats 


a ae 
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Any production plans you have on the board should 
include equipment for Dowtherm®, the modern heat 


transfer medium for extreme accuracy. 


Dowtherm in the chemical, paint, petroleum, food and 
other process industries provides low pressure, high tem- 
perature heat, extending the advantages of steam type 
heating to much higher temperatures with less expensive, 
thinner-shelled equipment which requires less space, too. 
The operation of your process is simplified, yielding 
savings in time, materials and equipment. From one Dow- 


therm installation comes the report of complete elimination 


of forced shut-downs and a 50°% reduction in operating costs! 


This is not unusual, but the general rule for those who 
take a long-range view of their heating problems in plan- 


ning new facilities. 


Investigate this unusual liquid material used as a vapor 
heating medium and the benefits it can bring to your 
processing operation. Make sure your plant is equipped 
for the highly competitive markets of the future... with 
the really modern heating medium. For complete in- 
formation on Dowtherm heating, write THE DOW CHEMICAL 
company, Midland, Michigan, Dept. DO 3-7 A. 


you can depend on DOW CHEMICALS 


Chemical Engineering Progress 


August, 1953 











HEAVY-DUTY 
“ES” COMPRESSOR 
provide maximum efficiency in a | 
WIDE RANGE OF APPLICATIONS | (ge 
... with unusual flexibility of DIRECT-CONNECTED 


drive and cylinder arrangements 


SINGLE STAGE for 
pressures 5 to 150 psi 


STEAM DRIVE 


SYNCHRONOUS MOTOR 








V-BELT DRIVE 








F YOU need a compressor for any of the 
following purposes you should consider the 
Type “ES” compressor ...a standardized, yet 
extremely flexible compressor built by Inger- 
soll-Rand, the pioneer compressor builder. 


@ To compress air or gas to any pressures be- 


tween 5 and 2500 psi, or for pulling vacuums, 
TWO STAGE for THREE STAGE for 


(Stock cylinders are normally available for all 
150 to 500 psi 500 to 2500 psi 


frame sizes, see illustrations.) 


@ For capacities requiring from 5 to 125 horse- 
power. (Six frame sizes are available.) 


@ For continuous full-load operation day after 
day, week after week 


yo ascymann — = STEAM-PRESSURE BOOSTERS @ For handling poisonous, inflammable, or other 
— gases where leakage must be avoided 


@ Where compressed air or gases must be free 
of all traces of oil. (Type NL cylinders require 
no oil, glycerine, grease or water for lubrication.) 


& @ Where a future change in pressure conditions 


may call for a change in cylinder sizes 
NON.-LUBRICATED CYLINDERS REFRIGERATION UNITS 


for oil-free air or gas for ammonia or other refrigerants | @ Where power cost is an important factor. 


@ To act as an economical standby unit for 
—— larger compressors whose full capacity is not 
required at all times 
Ingersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. Offices and Agents throughout the World 859.1 











COMPRESSORS © TURBO-BLOWERS © ROCK DRILLS © AIR TOOLS © CENTRIFUGAL PUMPS © CONDENSERS © OjL AND GAS ENGINES 
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FOR ADDITIVES OR CHEMICAL REAGENTS 





Adjust-O-Feeder 


Model 1105-S 


@® LOW COST 


@® COMPACT 


Built-in standard motor — no separate 
gearbox or couplings. 


Built-in oil-enclosed gear reducer. 


@ MICRO-STROKE ADJUSTMENT 


Scale easily read —crank and connecting 
rod operate in horizontal plane. 


@ LONG LIFE AND EASY MAINTENANCE 
One-piece Meehanite iron frame for 
positive alignment of all moving parts. 


Double check valves on suction and 
discharge easily removable. 


This new, compact proportioning pump, by 


%Proportioneers, Inc.%, is inexpensive and 
meets most requirements for a low capacity, 
medium pressure chemical feed pump. The 
standard Model 1105-S has a’ capacity range 
from 1 to 10 GPH and will discharge against 
pressures up to 650 psig. For lower feeds, the 
unit is available with a range of from 0.5 to 5 
GPH. Complete and self-contained, Model 
1105-S weighs less than 100 Ibs. and is ready 
to operate. 


Ask for Bulletin 1105 


Write to %PROPORTIONEERS, INC.%, 419 Harris Ave., Providence 1, R. I. 


Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries. 
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Opinion and comment 


DO WE TALK TO OURSELVES TOO LITTLE? 


'? PHE March tissue of Chemical Engineering Pro 
vress D. H. Killeter’s paper entitled “We Lalk to 
Ourselves— Loo Much” presented the public rela 
tions problem as it concerns the chemical industry 
Although | have no quarrel with 


i 
Killeter’s conclusions, I should like to approach this 


and the scientist 
talking problem trom another viewpoimt—conimun 


ications im an organization im which chemical 
engineers and chemists play a major role 

\t a recent meeting of the New York Section of 
the A.LCh.E., 1 


teresting 


Fb. Wannamaker presented an in 
Small 
One of the major points in his talk was 


discussion on I he Chemical 
Business. 
the noticeable difference in the attitude of chemical 
engineers and chemists toward their work in a small 
company compared to a large company. 

In Dr. Wannamaker’s own organization the tech 
nical people in the laboratory consider each project 
a personal challenge and work effectively to complete 
the job in the minimum of time. On the other hand 
Dr. Wannamaker pointed out that in many large re 
search laboratories in the country, he found the 
engineers and chemists more interested in hovering 
around the desk of a good-looking stenographer o1 
in making preparations for departure well in ad 
vance to be ready to leave the laboratory bench 
promptly at, or even slightly before, quitting time 
He ascribed this difference in attitude to the differ 
ence in size of the organizations. This ts probably 
a logical conclusion, but I doubt that size alone ts 
the whole answer. 

Analysis of this problem, reveals the basic cause 
to be that communication is much more dificult in 
a large organization. The engineer or chemist is 
often given only a small part of an over-all problem 
to work on and the background of the problem is 
not explained. He is not kept informed of the pro 
gress made on other segments of the problem. The 
tenden \ is, all too often, to pass on to the indiv idual 
only the minimum of information required for his 


part of the work, rather than to tell him why the 
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work as necessary and what the benelits of a job 
well done will be 

While [do not propose any cure-all tor this situa 
tion, | believe that the tollowime ideas might be of 


SOTTIC help 


|. When an assignment is given, questions should 


be asked about the background, why the job 


Is HeCeSSAaTY and why it has to be dom by a 
certain date. By showing an interest mn these 
facts, encouragement will be given those issu 
Ing the assignments to tmpart all the facts as 
a matter of Course 


When 


questions should be asked 


nving an asstgiment, the tollowime 


a) Have IT given all the information neces 
sarv for the execution of a good job 
without wasted effort on nonessentials 
Have ] explamed thre Pur pose ot thus 
assignment and the results which might 
be expected: 

Have IT stated the time available tor the 
completion of this task and the reasons 
for this limitation? 

If others are wormng on other portions o 
what then 


thre job have I 


explamed 
assignments are, so that there is no over 
lapping and so that the imdividual to 
whom this assignment is given can check 
when necessary, with others dome othes 
parts of thre job: 
Conterences should be set up periodically fon 
exchange of imformation on. the progress of 


Such 


mectings Oo pane! discussions wall not only 


different prayects on portions of proyects 


add to each individual's interest in the project, 
but will actually eliminate overlapping work 
Asking questions should be encouraged and 
all questions should be answered as completely 
ind informatively as possible 


Let's talk to one another more! 


P. Scovint 
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INTALOX SADDLE PACKING GIVES 


0 BIG ADVANTAGES 


IN DISTILLATION TOWERS 


More complete material separation 

Lower pot temperatures due to a substantially lower pressure drop 
Shorter cycle time with greater output per cycle 

Higher heat input efficiency compared to any other type of tower packing 
Greater through-put per unit pressure drop 


Better reflux hydraulic gradient due to higher percent of free space 
and greater wetted surface area per unit volume 


Less tendency for wall channeling of reflux liquor 
Lower HTU values per comparable packings of same size 


Higher flooding limits because of lower gas and liquid resistance to 
mass transfer 


Lower tower weight content 


IN TERMS OF DOLLARS: MORE OUTPUT AT LOWER COST 


gt “ey U. S. STONEWARE 


Since 14865 


: 4 od AKRON 9, OHIO 
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Operating Problems in Ammonia Synthesis 


A. V. Slack, H. Y. Allgood, and Harold E. Maune 


Tennessee Valley Authority, Wilson Dam, Alabama 


Every so often out of the blue, comes a manuscript which completely describes 
some phase of chemical engineering an article important from a sheer 


operating standpoint . . . the editor wonders why chemical engineers, so vastly 


concerned with operating plants, don’t write more articles such as the one we 


print here on operating problems . . . this is about the synthetic ammonia field 


now enormously important and producing about two million tons a year 
while this paper describes a particular process, its significance is in the fact that 
it describes an operating procedure. 


A. V. Slack, now chief of exploratory research in the Tennessee 
Valley Authority’s division of chemical development at Wilson 
Dam, Ala., joined T.V.A. in 1941 after receiving a B.S. degree 
from East Tennessee State College and an M.S. from the 
University of Tennessee. As a laboratory supervisor he took 
part in the initial operation of the T.V.A. ammonia plant in 
1942-43. In subsequent assignments as staff chemical engineer, 
he has worked on various design and procurement problems 
in connection with ammonia and nitric acid production. He 
has been active in the organization of industry-sponsored 
schools for teachers sponsored by the A.!.Ch.E. Chemical Engi- 
neering Education Projects Committee. 


H. Y. Allgood is a chemical engineer in charge of ammonia 
plant studies in the Tennessee Valley Authority's Plant Chemi- 
cal Control Branch. He joined the !.V.A. in 1936. His work 
has been in research, ammonia plant control and operation, 
catalyst preparation and evaluation, and process studies. He 
received his A.B. and M.S. degrees from Emory University. 


Harold E. Maune, now plant chemical engineer of the ammonia 
branch of the Tennessee Valley Authority's Division of Chemi- 
cal Operations at Wilson Dam, Ala., joined T.V.A. in 1942 
as a chemical engineer. His work has been concerned with 
ammonia plant operations. He received his B.S. degree from 
Missouri School of Mines and Metallurgy in 1942. 
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many applications of high pres- 
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1. T.V.A. ammonia synthesis unit 
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2. Ammonia synthesis converter. 
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$ STARTING HEATER 





\, TEMPERATURE, °F 


Gi _] PRESSURE LB /SO IN GAGE 


NUMBERS IN PARENTHESES REFER 
TO NUMBER OF ITEMS PER SYNTHESIS 
UNIT. 


the 


ind i preh i I 


In the converte1 


through 


1949 tr 
nce 
} 


d of need 


verter internal parts. 
shut down in February, 195 id 
thoroughly 


basket 


the 
The 


Was fre pl iced 


converter renovated, 


catalyst assembly 
with a new one, the heat exchanger was 
retubed, and new catalyst was charged 
to the unit. When the train was returned 


to service, performance was as good as 


August, 1953 


at the beginning of the first catalyst run 
and has continued so since 

satisfac- 
torily after the failure of train 2. In 
early 1951, 


tion was 


Train 1 continued to operate 


however, the plant 
half 
the installation of equipment for use of 
natural gas. Since train 1 had 
lost effic 
though still capable of its rated capacity, 
lecided to rehabilitate the 
during thi train 


avoiding 


produc 
reduced by about during 
clearly 


some of its original ency, al 
it was ¢ 
verter period while 
alone could c irry the load, thu 

interruption in production later when the 
failed 


were installed and 


converter 
basket 
the unit returned 


1951. 


eventually \ new 
ind exchanger l 
to production in July, 


Operation since then has been 


installed and 


produced 


ive nce 
( } 


140 tor 


ibe nuit 


each, 
125 tons. It 
that 


vevet long 


ind 


/ yeal ntram <2 


n train 1 will be experienced 


Compression and Circulation of Gas 


As might be the most 
the high 
with the 


moving parts of equipment such as compressors, 


expected, some of 
troublesome operating problems in 
pressure 


system arise in connection 


circulators, and valves. The original compressor 
installation consisted of four six-stage Cooper- 
Bessemer reciprocating compressors of 100 rev 

min., tandem-cylinder type, each of which was 


driven by a 2500 hp 


mounted on a 


synchronous electric motor 
The 


Clark compressors installed in 1951 are of the 


common frame two new 
horizontally opposed type and operate at 300 
rev min 

Breakage of valve springs and plates is the 
difficulty 


principally by entrained water in the gas 


most caused 


The 


gas leaving the cooling towers in the gos pro 


frequently encountered 


duction section is saturated with water, and in 
each compression stage the compression followed 
by cooling in the intercooler causes water to 
When the 
close on the resulting droplets, stresses are pro 
The 


that most of 


condense in the gas stream valves 


duced which cause breakage. intercoolers 
are so constructed the water is 
drained directly from them. However, it has been 
found necessary to install seporators of various 
types after all the intercoolers to minimize the 
amount of water passing on into the cylinders 
In addition, a separator was installed on the 
main line to the compressors to remove scale, 
mist, and other contaminants. 

These changes have improved compressor 
operation to the extent that valves in the lower 


pressure stages now last as long as four years. 
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In the higher stages, however, valve breakage 
remains the most frequent cause of compressor 
down time. The effect of this is minimized by 
reducing the time required to change a valve; 
by close cooperation between operating and 
maintenance personnel it is possible to make the 
change in as little as five minutes 

Gas leakage through piston-rod packing has 
Carbon-Bakelite 
packing is used for operation up to 250 Ib. /sq.in 


presented no serious problems. 


and bronze packing for higher pressures 

Next to valve trouble, corrosion by cooling 
water has been the most troublesome operating 
problem. For cooling the cylinder jackets, a sys 
tem is used in which cooling water is circulated 
to the jackets, to a surge tank, through a cooler 
cooled by process water, and back to the jackets 
Both ordinary filtered water and Zeolite-treated 
boiler water were found to be excessively cor 
rosive in this system; chromate-treated filtered 
water was then tried and found satisfactory. The 
maintained at 700- 
1000 p.p.m. and the pH at 7.5 to 8.5 


Corrosion has been a problem also in the 


chromate concentration is 


intercoolers, which are of double-tube type with 
the gas flowing through the annular space. In 
the original installation finned inner tubes of 
mild steel were used in the first three compres 
sion stages. These were corroded by condensate 
in the gas stream, with the result that the fins 
would occasionally break off and pass on into 
the The 


breakage made it necessary to remove the fins 


compressor cylinders resulting valve 
In addition, the mild steel tubes were replaced 
with stainless steel ones to reduce corrosion 

An initial problem was the handling of the 
piston blow-by gas on single-acting pisions in 
the higher stages. This gas collects behind the 
piston and must be verted from the cylinder 
Originally, it was piped back to the compressor 
inlet. However, since the first-stage-inlet capacity 
controlled the over-all compressor capacity, addi 
tion of the blow-by gas at the first stage was 
undesirable. It was possible to add the gas at 
the inlet to the 


the 


second stage, thereby effectively 


increasing compressor capacity because 


stages two to six inclusive were capable of 


handling the additional load without overload 


ing the compressor or affecting the amount of 


gas entering the first stoge. Asa result ammonia 


production was increased appreciably 


In addition to the above unscheduled causes 


for compressor down time, regular shutdowns are 


made for maintenance inspection and cleaning 


of intercoolers and motors Every effort is made 


to keep compressor down time at a minimum 


since the plant operates without a spore com 


pressor. Table 1 indicates the amount of operat 
ing time the ammonia plant lost which con be 
attributed to compressor and 


repairs mainten 


ance. Some additional compressor maintenance 
is done in periods when the ammonia plant is 
down for reasons other than compressor trouble 
but there has been relatively little opportunity 
for this, since other units of the plant are seldom 


out of operation on a planned schedule 


Fig. 3. Filter assembly 
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Table 1.—Compressor Operation 


Yeor Down Time, %" 


1943 11 
1944 0.6 
1945 0.6 
1946 0.7 
1947 0.8 
1948 11 
1949 1.0 
1950 Sg 
1951 0.9 


* Total down time attributable to the compres 
sor section expressed as per cent of total time 
the compressors would otherwise hove operated 

Motor failure occurred during this year 





hove 


The 


given good service 


synthesis circulating compressors 
During initial operation ex 
cessive leakage occurred at the packing because 
of piston-rod wear. The pistons were replaced 
with harder forged of S.A.E. 4620 
and hardened to 60 Rockwell C. The replace 


in conjunction with a good grade of 


rods steel 


ments 
bronze packing, have given good service 


Valves in the T.V.A. plant are mainly of the 


angle type. Most of the larger sizes are motor 


driven, and these have given some trouble be 


cause of slippoge of the motor setting resulting 


in the motor’s moving the stem beyond its open 


limit and thereby snapping the stem off. This 


necessitates constant checking of the motor 


setting 

The major valve troubles hove been with the 
packing. Diamond-cut metallic packing was used 
originally, with 8-in.-deep stuffing boxes on the 
large valves and the 


leakage wos excessive 


valves were hard to turn. Teflon V-ring packing 


GAS OUTLET 


_ MAKE-UP Gas 
INLET 
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has been found to be superior, and it is now 
being installed in all valves. The valves are 
more easily moved, and leakage has been elim- 
inated. A 3-in. depth of the Teflon packing is 
sufficient 

Valve seats and plugs are made of nitrided 
steel and are renewable. At points where the 
valve stays in one position most of the time, 
many of the original seots and plugs are still 
in service. The most severe service is in the 
filter outlet valves, which must be opened and 
closed every 48 hours; renewal of seats and 
plugs in these valves is necessary about every 


two yeors 


Filtration of Gas 


One of the 
ing problems 1s 


more troublesome operat 


solid 


circulating 


removal of and 


liquid from the 
gas in 
of the ammonia produced, plugging of 
lines, and injury to the catalyst. The 
impurities are mainly of three types: oil 
from the 


impurities 


order to prevent contamination 


compressors and circulators, 
scale and dust from piping and equip 
ment, and compounds formed by reaction 
of ammonia in the circulating gas with 
gaseous impurities in the make-up gas. 
Oil contamination is kept to a minimum 
by using a heavy oil and through careful 
control ot used 


the amount However, 


even under best operation a significant 
amount escapes into the gas stream and 
‘I he 


compounds formed in the circuit is re 
sidual 


must be removed, main source of 


carbon dioxide in the make-up 
gas. This reacts with ammonia to form 
compounds which are especially troublk 
ome because of their tendency to plug 
the carbon diox 


equipment. Ordinarily 


ide content of the entering make-up ga 


a 


is kept below 5 p.p.m., 


but it may go as 
high as 10 p.p.m. if the copper liquor 
absorption unit in the purification sec 
tion is operating under heavy load. Even 


at the lower however, 


sulficient 


concentration, 
carbonates are formed in the 
to make their 


irom the system desirable 


vnthesis circuit removal 


The filter unit used is shown in Figure 3 
Make-up gas and recirculating gas enter near 
the top of the unit and flow downward through 
on annular space between a sleeve and the shell. 
The gas mixture leaves the annular space near 
the bottom of the filter 


through a basket that contains mild steel Raschig 


and flows upward 
rings. The gas continues upward into an annular 
space between the sleeve and the filter element, 
from which it flows inward through the element 
and into a slotted outlet pipe. The filter element 
consists of six concentric screen units sealed at 
the top and at the bottom so that gas must 
flow through all the units. Each of the five outer 
units consists of layers of stainless steel wire 
screen supported on ribs; the inner unit is the 
slotted gas outlet with one loyer of screen. One 
or more of the outer units is covered with a 
filter cloth. When the plont was initially put into 
operation in 1942, spun-glass filter cloth was 
used. Since this became plugged rapidly with 
the oil-carbonate residue, and since it did not 
readily tear, resistance to gas flow increased 
until the filter element collapsed. Cotton waste 
material inserted between the concentric units 
was tried instead, but it failed also. The material 
finally adopted was common cotton domestic 
cloth (shrunk), which retains the residue satisfac- 
torily and on sealing over usually rips before 
pressure becomes so great as to collapse the 


element. 


Iwo filters are used in parallel on each 
the other 
filter is 


and is 


train: one is in service while 
is idle for in place cleaning \ 
operated continuously for 48 hr 
then closed off and cleaned by steaming 
\fter a thirty-day filter is 
opel ed and the element is removed, thor 


mughly 


scT Vice, 1 


cleaned, and repaired if neces 


ary. Because of corrosion the Raschig 


rings require replacing every one to two 
years. 

The filters remove oil quite effectively, 
down to less than 2 p.p.m. in the am- 
monia produced. Removal of carbonate 
was also satisfactory at the original level 
of production, although enough carbon 
ate passed through ind «collected in 
downstream piping to necessitate a shut 
about months tor 
steaming out coils in the ammonia-cooled 


condenser and the preheater. Such a 


down every nine 


shutdown involves 
4 to 5 hr. 

T he 
(day ) (train ) 
overloading of the filters, 
frequency of filter element failure and of 


1 production delay of 


125 


some 


increase in production to 


tons has caused 


increasing the 


shutdowns to steam out condensers. Fig 
ure 4 shows a set of filter elements, the 
outer ones of which collapsed because 
of differential 
filter. 
trifugal type separator will 
in the filter in the 
by Raschig rings 


pressure through the 
To alleviate this condition a cen 
be installed 
space now occupied 
Some relief is ex 
pected also from changes in the purifi 
cation system designed to reduce the 
amount of carbon dioxide entering the 
synthesis circuit. Should these prove it 
install 
auxiliary oil separators in the lines et 


tering the filter. 


adequate, it may be necessary t 


Control of Process Variables 
The 


proc t 


main objective in control of 


ss variables in high-pressure am- 
monia synthesis, as in any other process, 
is to produce the required amount of 
product with a judicious balance be 
cost, low risk of 
interrup 
Anu 
portant function of the operating depart 
to determine tl 


tween low operating 
equipment damage and proce 


tion, and long life of equipment 


ment is 





Temperature 


Loss of catalyst activity 


Table 2 


HIGH LOW 


Shorter life of converter ports 


Lower production rate 


Pressure 


Ammonia returned to converter 


Inerts in circuit 


Space velocity 


Equipment limit 


Lower production rate 


Lower production rate 


Poorer 
verter 


purging 


thermal control of con- 


Refrigeration equipment limit 


Increased cost of gas circulation 


Lower production rate 


Lower production rate 


Refrigeration equipment limit 


Greater loss of synthesis gas in 


Lower production rate 


OPERATIONAL 
CONTROL 


Variation of space velocity 


By-passing of converter heat ex 
changer 


Adjusts automatically to a par 
ticular combination of temper- 
ature and space velocity 


Regulation of amount of refrig- 
eration used 


Bleeding off of synthesis gos, 
with ammonia recovery (some 
unavoidable loss by leaks) 


Variation of circulator speed 


‘For any given catalyst and space velocity, there is an optimum temperature, above or below which production falls off. 
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ance between these factors. In ammonia 
synthesis the pre m is complicated be 


cause of the fact that a general decline 


In process efhciency must be iccepted as 


the catalyst loses activity This necessi 
tates changes in the b \ the 
variou process Val 
the catalyst 
iables involved are tempera 
ture, presst pace velocity (volumes 


of effluent ¢ st | | nditior per 


variables 
i\ ulabl 
eral, a hig 
red by low ten per iture 
rt vga content 

h to a hydrogen-t 

In practice, however 
to depart somewhat fron 
favorable to equilibrium 
siderations which affect both ce | 


gn and 
operation are as shown i 4 


Propet operating 


itfected 


parts 
make 
starting heater 
get back to full operation, which ts a 
ind delicate operation 
vlvantage 
mwweve}’»n 1 the 


ition before rec 


process can be fully tune 
back to full efficiency 


T | 
I il 


it pe 
verters needed 
internal repairs hu naking one 
lown cover botl | Each of the 
converte contan abot 144 cult 
(about 12 tons) of 
roughly about twice 
is used in some of 
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4. Filter eiements removed from recirculating gas filter; outer element 


No. 6) in foreground 


inner elements at re Nos. 5, 4, 3, 2, and 1); Nos. 5 and 4 are still assembled 


intar ible 


oper 


of train 1 and 

of approximately 
Also shown, to ill 
iables required to get 
ire data taken near tl 
second catalvst 
beginning oT 


increased to 


uneter— 

he other two 
mocouple 
center one 


ot maxi 





Table 3.—Typical Converter Operating Data 


% INERTS % NH % NH NH. PRO 

IN CIRCU- IN GAS IN GAS DUCED 

SPACE PRESSURE, MAXIMUM LATING TO CON.FROMCON. TONS 
VELOCITY ATM TEMP., F GAS VERTER VERTER DAY 


9050 245 997 WI 40 79 93 


13200 263 


* At converter outlet 


Chemical Engineering Progress 


COMMENTS 


Near beginning of 
first catalyst run on 
train 1; train started 


8442 


Neor end of first run; 
train shut down 2 


5-51 


Near beginning of 
second run on train 1} 
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In addition, the 
gradient 1s 


and outlet temperature 


vertical temperature deter 
mined periodically 

The 
te red 


Figure 5 


range ol 
the converter is 
One of the sets of data shown 
taken in J inuary, 1943, 
of the first catalyst run 
in 1946, and the 
1951, shortly 
With the 


curve are 


temperature encoun 


in illustrated ir 
wa 
the 


on 


hortly after 
beginning 

train 1, th 
third 


the 
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econd 


in January, before 
end of the 
in 1043 


by fast 


run 
the 
heat 


MmcomMming wa 


active 
catalyst charac 
release as 
the trikes the 
Che temperature is 
in about the it 
the catalyst; the 
tub 
Iron 


terized soon as 
catalyst 
maximum reached 
of travel through 


the 
heat 


ifter, transter 


becomes faster than 
the continuing re 
a drop of 200° F. o1 

throug 


cooling 
1 
TCICcast 


that 


down 


ction, so 
more occu! 
14 ft. It 
to have cool 
that 

the 


remaining 
would be course 


tub lesig oO 


ot 
point 


ing 
heat wouk 
than at 
out the catalyst temperature 


trar 
hot 


ler 
other point evening 
This ap 
impracti ible, however, the 
ot 


peat ince 
hot the 

place throughout a catalyst run. 
that the 
perature had dropped 3 or 4 ft. by 1946 
the the 
end of the 


point does remaim ume 
Figure 
5 show 


point of maximum tem 


down lower half of 

converter by the 
thi tl best design 

simple straight tube 


maximum 


and wa in 
In view 
to he a 


a core tube to 


run 
ol ippears 
with 
rive trar 


ler rate 


Although the hot pomt was at about 
1000° F. at 

the bulk of the 
F. and a 
800° F, 


the beginnit gy ol operation, 


bel 


portion 


catalyst wa On 


con iderable below 


It would have been po sible to 


operate at an even lower temperature, 


since both space velocity and pressur 


Table 
Increase d 


ot 


were at relatively low levels (see 


3) and these could have beet 
to balance the etiect 


adverse lower 
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SECOND CATALYST RUN 
(125 TON LOAD) 
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1952 
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(90 TON LOAD) 


Typical temperature distribution in catalyst 


How 


conversion drops off 


temperature on space-time yield 

o! 
fast as the temperature is lowered below 
the 800-900° F. range, with the result 
that difficult to 
control temperature 


ever, the rate 


be comes 


higher 


the re 
\t 


in accidental 


iction 
the 
off-balance 


level in a 


proce variable such as a high hydro 
would 
the hoi 


in the 


gen-nitrogen ratio irily 


only by causing 
ittle 


conve! \ \\ 1 1 . h 


affect operation 
point to mo downward a 
ow 
ever. deviation 


out” the rea th the re 
catalyst 


would fall off, and 


ult that 

temperature ind = production 
tunins 
For 

kept 


ie effect of 


general re 
the unit required 
temperature 1s 
hion tl minor 


The 


lower 


ing ré ; conditions 


ehet n ra I il ) allows 
1 


pace velocity and pres con 


equent economy 1 
circulation 

\s the catalyst get | 
in average temperature is required, not 
only to give the temperature cushion, but 
il d 
after the 
pushed to their limits 
that the 


ature wa 


in maintaining production 
other variables have been 
Figure 5 shows 
increase in mi; 
held to 
run, although the average 


the catalyst 


iximum 


50° 


temper 
about 
S8'5-veat tem 


perature ot increased con 
indicated by the 
increase of about 200° F. at the outlet 
The problen ntrol in 
converter is complicated the 
sity of keepir g the ¢ 
cool. In high-pressure design it 
able to keep parts subjected to high- 
stress at 
sible and to keep parts subjected 
to high temperature as free of pr 
possible. As shown in 
2, the T.V.A,. converter shell 


iderably more as is 


of temperature c: 
the by 


1s de Sir- 


pressure as ow a temperature 
as po 
ssure 
stress as Figure 


is insulated 


Chemical Engineering Progress 


from the hot catalyst by a layer of insu- 
lation inside the catalyst basket and by 
a stream of cooling gas passing down 
the basket und the shell 
The shell was originally insulated on the 
outer to 
of heat which the cooling gas 
Ho 
plant was started up, it was 

the upper part of the shell (aro 
catalyst basket) could 
450° F 
upper limit from the standpoint « 


between wall 


surtace prevent excessive loss 


n the prehe iter 


weve! 


| 
not be ke pt 


.. Which was considered t 


ing excess hydrogen attack on tl 
Two taker 
sulation was stripped off th 
tion and a shield 

a draft of air 
shield and the 
tional line was 


measure 


were 


pas ed 
shell 
instal 
cooling gas to the t 


Ihese steps h 
keep 


Ave 
the m 
to the 


iximum 
down pre ent 
200° F. 


(one 


difficulty 
shell is 


differential in the 


ing the 


i differential 
between the 


Figure 5 
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10 in l 


placit ty 


structura 

of thermocouple neat 
basket wall, but it car 
sumed that a further drop occur 
12 in. from t 


catalyst 


remaining n 
to the wall. It appears t 
tion of the catalyst bas] 
ing in the central zone ot 
needed. 

Also shown in Figurs 
taken in 
the train 1 
about eig! 
new chi: at the hig! 

125 As mig 

the hot point is lower in the « 
and = the ten 
somewhat higher than in 


ture survey 
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convet 


operation tor 
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YO-ton rate 
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Table 4.—Poisons Accumulated in Used Catalyst 


velocity t her i 
locity i ilwst DESCRIPTION OF SAMPLE 


PER CENT 


P S 


From top of bed . , 0.05 0.01 0.06 
From bottom of bed tent 0.01 0.02 0.02 
Composite of bed 0.01 0.01 0.03 
New catalyst ae 0.02 0.005 0.005 


Samples of used catalyst from train 1; catalyst was in operation for about 8'2 years 





nal 
i ( 


difficult to determine 


t! 
te nm the 


Catalyst Performance 


TI \ 
T.V.A lant ! been 
ly (1) reduction, it cor vere and pern 


ntent indicated ir 


and 1.0¢ 
il problems r into the 


" 
til 


xCE 


inent 


Accidental surges of carbon oxides are caused 
ordinarily by loss of control in the make-up gas 
purification section. Water-vapor influx, which 
is a more frequent and troublesome difficulty 
results from steaming out of filters and con 
densers in the synthesis circuit to remove accumu 
lated carbonate and oil. Failure of valves to 
close properly, and incomplete removal of con 
densote prior to putting the unit back in the 
circuit are the most frequent causes of water 
getting into the converter. Train 1 has been 
subjected to accidental surges of carbon oxides 
and water on a number of occasions. In each 
case the catalyst activity returned to normal after 


@ temporary drop and there wos no apparent 
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permanent damage. The one major instance of 
poisoning in train 2 occurred in April 1949, 
when water was accidentally swept into the 
converter. The catalyst activity never returned 
fully to normal and an accelerated decline began 
soon after, so that the catalyst had to be re 
placed less than a year later. It is thought thot 
the catalyst would have recovered from the 
poisoning if it hod been new and at high activity 
However, loss of activity was well advanced at 
the time of the accident and the catalyst appor 
ently had lost much of its ability to recover 
from poisoning 

The gradual decline in activity in both trains 1 
and 2 was likely caused partially by the accumu 
lation of sulfur. Also, microscopic examination 
of the catalyst showed evidence of pronounced 
grain growth of iron, which is indicative of 
crystallization of the iron from its initial amor 
phous state obtained upon reduction of the 
original magnetite. The consequent loss of 
activity appears to be an inevitable result of 
long-continued catalyst operation 

Another factor that affects catalyst activity is 
the method used in reducing the catalyst. Ex 
perimental work has shown that during reduction 
the use of high space velocity, low heating rate, 
and minimum water vapor in the gos phase ore 
conducive to good catalyst activity after reduc 
tion. Bosed on small-scale experiments, an opti 
mum reduction schedule was worked ovt under 
which gos is passed over the catalyst (in place 
in the converter) for 85 hr. at full plant pressure 
and with a gradual increase in temperature up 
to the operating level 

In practice it has been found that the piping 
joints of the starting heater foil at full pressure 
so reduction is now carried ovt at about 1500 
Ib./sq.in. and under a slower schedule that 
equires about 160 hr. to complete. Operating 
results indicate that the plant schedule gives as 
high on activity as that obtained in the experi 
mental work 

Nonuniform flow of gas through the catalyst 
may result from disintegration of catalyst, im 
proper charging, or from failure of converter 
parts which allows channeling around the bed 
The catalyst token from the converters was 
somewhat finer thon that charged, but part of 
the breakage was incurred in removal and so 
the amount of disintegration within the converter 
could not be determined. Breokage tests made 
on new and used catalyst indicated a loss of 
only about 10% in strength. Moreover, pressure 
drop through the converter did not increase 
appreciably over the long runs, never exceeding 
10 Ib./sq.in. This indicates that catalyst disinte 


gration has not been an important problem. One 


Page 399 





exception which should be noted is the accumu- 
lation of fines on top of the catalyst bed, caused 
possibly by the erosive and grinding effect of 
the incoming gos. A cone of catalyst particles 
and dust on top of the bed was found in each 
of the converters when they were opened, and 
this likely caused some channeling of gas, at 
least in the top section. A screen was placed 
over the catalyst after charging in an attempt 
to prevent cone formation in the future. 

Charging of the catalyst is carried out care 
fully in order to obtain a bed of uniform density 
and resistance to gas flow. The catalyst is intro 
duced in small batches with gentle tamping and 
the basket jarred when full to produce a final 
settling. A drop in level of about 2 ft. occurred 
during the catalyst run, presumably because of 
shrinkage during reduction and some disintegra 
tion of catalyst particles 

Some channeling around the catalyst un 
doubtedly occurred because of failure of the 
catalyst basket insulation. This apparently dis 
integrated and passed on into the gas stream 
leaving an open onnular space between the 
basket wall and the insulation cover. Seal welds 
had also broken loose, which allowed gas to pass 


into and down through the annular space 


Loss of Process Material 


ot proce material because 
from various closures, compre 

packing, and valve is an important 

wn ind 


operation. In the T.V.A. plant the prin 


cipal closure, that for the converter 


problem in high-pressure ce 


heads, 1s a Bridgeman-type gasket seal 
(hig. 2) The gasket is of copper ind 
is torced against the converter wall by 
the floating head, which is forced up 
ward against the lop ng gasket by the 
internal converter pressure Phis clos 
ure has maintained a perfect seal; the 
only difficulty is that even or eight 
vear of operation the gasket bond 
tightly to the steel surrounding it and 
must be drilled out 


All other high-pressure joints and closures such 
as for tubing, separators, and filters, are of the 
lens-ring type. The sizes range up to 20 in. for 
the filters. The lens rings for tubing joints are 
made from a sectior of tubing approximately 
one wall thickness in length. Both the ring and 
the tube ends are polished smooth after machin 
ing. The number of tubing joints is reduced by 
welding, wherever possible 

Although these joints require careful machin 
ing, and are therefore costly, they give excellent 
service and are simple to assemble and dis 
mantle. One exception should be noted, how 
ever; at the high temperature and pressure 
encountered in the starting heater the joints fail 
quickly. It has been found necessary to restrict 
pressure in the heater to 2000 Ib./sq.in. and 
temperature of heated gas to 850° F. Under 
these conditions the joints have given reasonably 
good service. No other joint in the synthesis 
circuit is exposed to a temperature of more 


than 375° F. 
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Fig. 6. Bottom forging from ammonia synthesis converter showing crack as revealed by Magnaflux. 


Fig. 7. Bottom forging from ammonia synthesis converter after boring ond drilling to remove crack 
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efficient purge since methane and argon 


dissolve in the ammonia in relatively 
higher proportions than do the hydrogen 
and nitrogen (Fig. 1). 

Phe bled 
passed through an 
the amount re 


approximately 5% of the 


the 


ammonia 


trom system 1s 


yas 
recovery 


system where overed is 
total produc 
tion under current operating conditions 
The total amou ot 
normally be 


the make up g 


hydrogen lost 


Materials of Construction 


Materials of const i ised in 


ani 
monia perating 
problem signer h 
selected ivatlabl 
| ions mM 
process 

a life 


t with 


Problems involving materials of 


in the T.V.A 


construction 


hove occurred synthesis units only 


in the converters. The converter proper (Fig. 2 


Fig 8. Bottom forging from ammonio synthesis converter after 


repair of crack 


48.-in 1.D 


is of multilayer construction with successive layers 


is a cylindrical vessel The shell 


of carbon steel plate welded on both longitudinal 
and lateral seams, plus an inner '2-in. layer of 


chrome steel total wall thickness of 


8'2 in 


ends of the cylinder to form closures 


to give a 
Machined forgings are welded to the 
materials 


The main problem in selection of 


throughout the converter is protection against 


attack by hydrogen and nitrogen. For those 
parts exposed to high pressure, reliance is placed 
more on keeping the parts at o relatively low 
temperature than on use of special moterials 
although the chrome steel liner for the shell is 
an added protection for the area adjacent to 
the hottest parts in the converter 

The operating problems involved in keep 
ing the shell described. The 


cooling methods used have been quite satisfac 


cool have been 
tory, as shown by the condition of the shells and 
forgings when the converters were opened ofter 
There wos 


7'2 and 8'% years’ service no evi 
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dence of hydro 


gen attack at any point, either 


on the alloy liner or on the forgings 


A further pro 


converter shell 


blem anticipated in design of the 


was diffusion of hydrogen 


through the inner loyer and a resulting build-up 


of pressure between layers 


pressure “‘tell-ta 


through the outer layers up to the liner 


ever, there hos 


in operation 


1 
rh 


ssure 


ized by 


pre 


minin 


on the 


tress 


To relieve any such 
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How 


been no indication of leakage 


different for 

converte 
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ribs on the basket shell ula 
tion behind the coy 
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Im the 
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hrunk 
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converter internal no change 
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tior ind = the 
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part had wive i 


insula 
insulation The 
insulation w 

up to 150 


reported tr 


theref 
nece ity 
relatively thin sheet material 


bucklit 


probably accounted for their fai 


ubject to warping and 


Operating Hazards 


A number of opera 


involved in) ammor ith . botl 
because of the high 
bec ilis¢ or the coml 

es handled 

personnel 1 
itis¢ eTriou accel 
ult from incorrect 
gency 
is that chang 


must be 


( Drie p 


mack 

One of the prin 
tered has been the blowing out of 
glasses in control of liquid level u 
ammonia parato Il he 


of the 


position 
ynthesi 

level be 
hould the 


immMonia 


eparator 
requires that a 
tained in the 

rise too high 
enter the 


circuit 
uniform malt 
level 
would 
converter or the circulators; 
if it should drop too low, gas would 


into the weigh tank 


escapn 


The first method employed to determine the 


liquid level was by use of try-cocks, and the 


level was maintained by manual operation of a 
valve in the pressure breakdown assembly. This 
method required constant attention by an oper 
maintenance of the 


ator, and try-cocks was 


excessive. In an effort to improve this operation 


glass sight columns were installed, but the 


ammonia draw-off was still manually controlled 
After the blowing out of several sight glasses, 
one of which was responsible for a fire, auto 
matic level controls were installed. Each sepa 
rator was equipped with a float assembly (float 
displacement type, tube and 


torque pilot in 


place of the sight column, and a diaphragm 
motor valve in place of the manual level control 
valve. This arrangement now permits close con 


trol of the liquid level in the separator, com 


pletely eliminates any explosion hazards, and 
indicates the liquid level at a remote point. In 
addition it has allowed a considerable reduction 
both in operating and maintenance labor. The 
sight-glass shown in 


try-cock and systems are 


Figure 11 and the automatic control in Figure 12 
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cumulation « 
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the ac 
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taken to 


oper iting are 
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Fig. 10. Catalyst basket liner after 72 years’ service 


Table 5.—Ammonia Plant Process Interruptions 

(1943 through 1951) 
OF CAPACITY 
PRODUCTION 


SOURCE DAYS 


Compressors . wa ied 32 1.0 
28 0.9 
Other sections of ammonia plant .. deee - 27 0.8 

Plant total ° ° ° . 87 2.7 


Causes extraneous to ammonia plant parmaianinica 63° 19 


High-pressure section 


Total ; , : 46 


Includes one catalyst change in each converter. 


For causes such cs shortage of process steam or change-over to natural gas 





Table 5 


lows: production 


} 
prevent of { t nl i i in 


ented as 
All discharge 


piping is routed outside of the building, clear 


1. Relief valves and rupture discs 


of the operating area 


2. Welding in plant area: Equipment must be 


completely isolated, purged, and _ properly 


blanked; atmosphere must be analyzed for com 


bustible gases; and high-pressure steam must be 


available to control any fires 

1. Compressor maintenance is the principal cause 

3. Smoking: Not allowed in equipment area f f f 
for process down time, but interruptions have not 

4. Oxygen in equipment and pipin No oxygen 

¥9 iti — y been of such magnitude as to make a spare 

is allowed in any vessel or piping before intro 

compressor economical 

duction of synthesis gas. Equipment is purged 

2. Operation of high-pressure valves is improved 


at slightly above atmospheric pressure with steam 


or an inert gas by Teflon packing 
3. Further 


solid and liquid impurities from synthesis gas is 


improvement in means for removing 


5. Piping vibration: In some cases vibration of 


pipe against the hanger has worn the pipe wall 
thin. Change of the hanger and anchor design needed 
has eliminated this difficulty completely 4. Temperature of the catalyst is the most impor 
tant operating variable; every effort should be 


Summary made to keep the temperature at a minimum 


Yel Other variables must be adjusted to take care 
Althou; | 
of continuing loss of catalyst activity 


5. Sulfur 


»ossibly the chief cause of loss of catalytic activ 


accumulation from lubricating oi! is 


ty, although a number of other factors un- 


doubtedly play a part. 


6. The Bridgeman type of closure for large ves 


sels gives an excellent seal, but the gasket tends 
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What protec 
vide tor your operati 
A. V. Slack: W« 


sufhcient hazard in operati 


ressure equipment ot this type 


' 
of barricades 
le 


xT 
‘} 


Fig. 11. Arrangements for liquid level control in 


et NS . 12 Installation for automatic 
ammonia separators. Try-cock panel at left ’ ul he T.V.A. operation 


level control 
sight-glass installation in center 


( in ammonia separator 
drawdown valve | | 
in right foreground 


to stick. Lens-ring joints for piping and small 
vessels give good service except at high tem- 
perature and pressure. 

7. Simplicity of construction appears to be the 


most important requirement in design of the 
synthesis converter 
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A Continuous Countercurrent lon-Exchange Unit 


he transfer of valuable solutes from 

dilute solutions to relatively concen- 
trated solutions by continuous counter- 
current ion exchange is an attractive 
possibility compared to concentration of 
such solutions by evaporation. Proc 
esses, using various techniques to effect 
this transfer have been patented (J, 2, 
4, 5,7) and it has been shown (6) how 
a fluidizing process can be carried out in 
produc ing concentrated copper solutions 
from dilute copper solutions. The fluid 
ized resin equipment however, requires 
circulation of a resin stream, and the 
present work was undertaken to develop 
a countercurrent ion-exchange unit 
which would not require such circula 
tion 

The apparatus shown in Figure 1, wa 
the result of this project. This unit com 
prising essenti illy an endle bed orn 
exchange resin enclosed in a porous 
flexible casing, moved slowly through a 
series of three tubular liquid reservoirs 
The first reservoir was the feed 
change section in which the ion to be 
recovered was removed from the feed 
solution by the ion-exchange bed. The 
next reservoir was the regenerating 
section in which the exchanged ion was 
recovered from the ion-exchange bed as 
product solution. The last reservoir was 


a rinsing section to remove adherent 


Mr. Howard is presently associated with 
Du Pont Co., Wilmington, Del 


Ralph H. McCormack and John F. Howard 


University of Detroit, Detroit, Michigan 


regenerating acid from the resin bed. centrated solutions of 2.7-3.2% Cu on 
These reservoirs were sized to fit as regeneration with 2.0 N sulfuric acid 
closely as possible around the bed, to with 95% recovery of the copper in the 
prevent solution bv passing the resin concentrated solution. Another. copper 
and shaped to the sag of the resin bed sulfate feed of 0.11% Cu produced 
a 0.95% Cu solution wher regener- 
ated with 1.02 N sulfuric acid with com- 


between the drive wheels and between 

the drive wheels and the idler so as to 

minimize the drag of the bed plete recovery of the exchanged copper 
ize the drag o + ; 


5 


against 


in the concentrated solutions Copper was 


ae determined in all cases by the iodometri 

Pyrex glass liquid reservoirs were used first method described by Hall (3) 
with this unit but were replaced with poly- This continuous countercurrent 
ethylene tubing. Two resin beds were tested, ©* hanger was developed for the concet 
one containing a section of zeo-karb and a = tration of any exchangeable ion by trans 
section of Nalcite HCR, the other entirely of fer from a dilute solution to a relatively 
zeo-karb. Both beds were 30 ft. long with the ©! entrated solution, Copper was used 
resin enclosed in Lumite filter fabric, sewed with as a convenient ion for demonstrating 
Saran thread, 700/3, and tied every 6 in. to the performance of the unit 
prevent the resin from shifting. The drive pulley 
and idlers were made of water-resistant plywood P " 

. Literature Cited 
grooved to fit the bed with the grooves lined 
with rubber. The resin bed wos moved through 1. Collier, D. W., U. S. Patent 2,563,006 
the system at a rate of 6 ft./hr. by a drive from (1951). 
a small motor. Flow rates were controlled by . Contant, P. M., A. S. Fischer, and W. A 
reference to capillary manometers and measured Kivell, U. S. Patent 2,415,936 (1947 
by weighing. Flow was from the overhead solvu- . Hall, W. T., “Textbook of Quantitative 
tion tanks through the flowmeters, through the Analysis,” 3rd ed., John Wiley & Sons, 
three sections of the unit, and out to reservoirs New York, p. 135 (1941). 
placed beneath the apparatus. Operation was . Nordell, C. H., U. S. Patent 1,740,199 
followed by periodic determination of the pH (1929). 
of the streams; a Beckman model H-2 pH meter . Nordell, C. H., U. S. Patent 1,608,661 
was used. (1926). 
Selke, W. A., and H. Bliss, Chem. Eng. 

The operation of this unit was demon Progress, 47, 529 (1951) 
strated with copper sulfate feeds ot . Wilcox, A. L., E. J. Roberts, and E. B. Fitch, 
0.34-0.36% Cu by weight, leading to con- U. S. Patent 2,528,099 (1950 
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The Effect of Packing Size and Column Diameter 


on Mass Transfer in Liquid-Liquid Extraction 


Irving Leibson and R. B. Beckmann Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


pn recent years the widespread in- This investigation is a study of the effect of packing size and column diameter 


cerest im and increasing use Of ypon mass transfer in countercurrent liquid-liquid extraction. Six different packings 
—— — prong a mene were used: '4-, 48-, 2-, %-, %4-, and 1-in. nonporous, unglazed porcelain Raschig 
Co de cy nase Pn scones Thi rings. Three extraction columns, 3, 4, and 6 in. |.D., were used in the experimental 
paper is concerned primarily with the work. The mass transfer of diethylamine from a continuous water phase to a 


effect of packing size and column dia- dispersed toluene phase was investigated. 


meter on the rate of mass transter Photographs of the dispersed-phase droplet behavior in the packing during the 
continuous countercurrent liquid were column operation revealed that the droplet size of the dispersed phase is (a) inde- 
extractior * common practice in the : ; 
lesign of packed towers At eu thm die pendent of packing type and size for packings ‘2 in. or larger and (b) greater 
f column diameter to packing for “4-in. rings than for any of the larger sizes of packing. 

an 8.0, as previous] The photographic analysis permitted an explanation of the mass-transfer results 


absorption (78 and — in terms of changes in the interfacial contact area due to the effect of the packing 
eet? ain at ¢ : a size on the dispersed-phase droplet size and on the holdup of the dispersed phase. 
peer rca song? “ee A correlation of the effect of packing size on the individual film height of a trans- 
agente: Ee wers and the fer unit was developed for packing sizes ‘2 in. or larger 


ight necessary to secure a given 
of sep ion a required 
throughput 


There : . 
Phere area tor a given throughput nd tro 16 t 
tigations Of mass tra n cot Morell mann (14) u 5 n heig! ising vater-benzen 


in increased intertf | ita nd fous cer olumn ng trom 


uous countercurrent liquid-hi the extracti diethylamine  fror m with 17 cid, aniline, and 
water with “6 ‘ackings used 


meter or pa leunes enteny Staten, ah SS Geta’ © d 1-in rl saddle 


traction “1m 1 in the literature 
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with water i 
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fine pact s indicated 2 ; c h d phase result 
er indu n the over-all n fer co er ing a packed height of 4.6 
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For complete tabular data, order document 
3922 from A.D.1. Auxiliary Publications Photo 
duplication Service, Library of Congress, Wash 
ington 25, D. C., remitting $2.00 for microfilm 
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picture film) or $3.75 for photoprints readable 
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the 
were 


crease the holdup of discontinuous 
phase. Several point taken 
two different packed-bed heights, but the 
data were too meager to draw any de- 


with 


finite conclusions concerning the effect 


of tower height on the over-all mass 
transter coethcient 

Claffey, 
Phillips (4) 


traction trom 
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ited 
with kerosene in a 
I.D. column using % 
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Ra chig 
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Investig 
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and 
The 
tower diameter to packing size was 7.! 
for %4-in. saddles, 
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of data at 68° ¢ the 
saddle highest 
transtet followed by 
and %4-1n. 
tend 
ency for the saddle packing to settle, de 
the void fraction. In the case 
saddle , this resulted in lower 
mass-transter coeflicients. It is possible 
that this condition temmed 
from an increase in drop 


ceramic Berl ind 3%- 14-in 


ceramic ring ratio oO 


I 
c 


5.0 for %-in. ring 
(on 


Berl 


hia 


gave the ove! 
coethcient 


addle 


There was a 


rings, 2-in 
respe ctively. 


creasing 
ol y- in. 
may have 

ize with the 
the settled 4%4-in. 
pointed out by Lewis, Jones, 
(J/1) for % 


smaller void 
addles (a 
and Pratt 
packings ) 

Laddha and 


binary sy 


paces oO, 
and %-in. ring 


Smith 
tems, 


(10) studied two 
3-pentanol-water and 


LD 


and 


isobutyraldehyde-water, in a 2-in. 


column operated as a spray tower 


as a packed tower with '4- and 
Che purpose of the study 
was to evaluate 7, (height of a transfer 
unit) values for the individual films by 
the method of Colburn and Welsh (5). 
The authors reported that the HH, of the 
discontinuous phase was nearly identical 
for the three 
Llowever, 


yR-In, 


Ra chig ring 


types of column operation. 
ideration 
that in almost all 


operation 1 les 


i careful cor 
of the data, it appear 


trom 


case pray-tower s eth 


The 


on the 


cient than packed-tower operation. 


effect of varying the packing size 
H, of the continuous phase was very 
slight. There was a 10 to 20% decrease 
of (/1,), from the 3¢- to the 4%-in 

for isobutyraldehyde dispersed in 


] obutyralde hvde water \ 


rings 

the 
and for 
water dispersed in the 3-pentanol-water 


tem 


There was even less difference 
between the 3% 


3-pentanol dispet ed in the 3-pentanol- 


ystem, 


and '4-in. rings for 
water system. 
No other fundamental 


transter in 


tudies of mass 
liquid-liquid extraction in 
which either column diameter or pack 

g size has been varied have been found 
in the literature. The work with fine 
packings is contradictory with respect to 
the effect of varying packing size. In 
the majority of the work in which in- 
dustrial packings 
column 
considerably less than 8. 


were used, the ratio of 
to packing size 
As a result, 
the void fractions of the larger packings 


diametet was 
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SCHEMATIC FLOW DIAGRAM 
OF EXTRACTION EQUIPMENT 
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Fig. 1 


must have been than normal. 
Nevertheless, the qualitative result of 
the previously reported work is that the 
over-all Ka, 
decreases with increase in packing size 
for industrial packings. 


greater 


mass-transter coethcient, 


Apparatus 


A schematic flow diagram of the extraction 


equipment is presented in Figure 1. The ma- 


terial of construction for all lines, valves, valve 


strainers, and column parts (unless otherwise 


stated) was type-304 siainless steel. All lines 


were ‘in. pipe with the exception of short 


sections of ‘4-in. pipe on the rotameter control 
panel, the column vent line, and in the column 
exit lines at the raffinate and extract receiver 
The feed drums and the raffinate and 
standard 55-gal 


drums, black iron for toluene and galvanized 


drums 


extract receiver drums were 


iron for water. The feed pumps were Worth- 


ington 1-DN-2 
pumps. 


Flow rates in the system were regulated by 


type centrifugal, close-coupled 


'4-in. needle valves with forty micrometer threads 
to the inch. The flow of the toluene and the 
water streams entering the column were meas- 
ured by rotameters covering a flow range from 
0.01 to 0.89 gal. of weter/min. Two 3-ft. lengths 
of stainless-steel hose were employed to provide 
flexibility in the elevation of the lines at the 
top of the column. This arrangement permitted 
the variation of column height without changing 
the flow system. The top of the extraction col 
umn was vented. The level of the two-phase in- 
terface was regulated by means of a '2-in. globe 
valve for coarse adjustments paralleled by a 
4-in. needle valve for fine control. 

The extraction column is shown in detail in 
Figure 2. Three extraction columns, 3, 4, and 
6 in. 1.D., were used in the experimental work. 
The structural features of each of the columns 
identical. 


used were The pertinent dimensions 


are given in Figure 2. The extraction column 
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Schematic flow diagram of extraction equipment. 


2-+t. 
Pyrex-glass pipe and a Pyrex bell section fitted 
The 


aqueous phase entered the column through two 


consisted of several flanged sections of 


with a 20-gauge stainless-steel cone. 
sections of ‘4-in. pipe which ended flush with 
the top of the column packing. The aqueous 
raffinate was removed from the column through 

in. pipes threaded into the base flange 
of the column. 

Toluene entered the column through the dis- 
persed-phase distributor. The toluene was dis- 
persed by a number of sharp-edged nozzles 
(0.106 in. 1.D., 0.014 in 


1% in. long) 


wall thickness, and 


made from stainless-steel hypo- 


dermic tubing. These nozzles were spaced in 
concentric circles with a minimum circumferential 
distance between nozzles of ‘2 in., and they 
were soldered to the top of the dispersed-phase 
distributor. The number of nozzles used on each 
of the dispersed-phose distributors for the var- 
ious sizes of the columns was maintained ap 
proximately proportional to the column cross 
sectional area. The number of nozzles per dis 
tributor for each column is given in Figure 2 
flush with 
the bottom of the packing with the nozzles im- 
bedded 1's in Thus, 


cross-sectional space be 


The dispersed-phase distributor was 


into the packing the 
orea of the annular 
tween the dispersed-phose distributor and the 
stainless-steel cone at this point was equal to 
the cross-sectional area of the column as recom- 
mended by Blanding and Elgin (2). 

The drops of toluene rose through the column 
packing into the separating section, where they 
coalesced into the layer of toluene extract above 
the The 


the column 


toluene extract 
through a 
pipe threaded into the top flange of the column. 


two-phase interface. 


overflowed from Vein. 

The support screen for the column packing 
was type-304 stainless steel, 3°4 mesh with 0.054- 
This 
screen was held in place by the dispersed-phase 


in. wire and openings 0.213 in. square. 
distributor and by four '-in. stainless-steel rods 
which were threaded into the base flange of 


the column. The bell section was sealed to the 
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@ Fig. 2. Details for extrac 








base flange by means of a ring flange ma 
The details 


of this joint are shown clearly in Figure 2. The 


chined from a ‘2-in. aluminum sheet 


base flange of the extraction column was bolted 


firmly to the structural-steel stand through a 


vibration-insulating material 

All gaskets used between the glass sections 
of the column were fabricated from ‘s-in. Johns 
84-S asbestos 


used between 


Manville sheet. The gasket ma 


terial the glass section of the 
column and the top or bottom flange was '‘4-in 


hard-cork sheet 


Column Packings 

Six different packings were used: ‘«-, %s-, ' 
S-, %-, 
Raschig rings 


and 1-in. nonporous unglazed porcelain 


The actual dimensions of these 


packings are summarized in Table 3. The pro- 
the measurement of the 


and the 


cedure adopted for 
superficial area, a», void fraction, F, 
of the packing was as follows: The number of 
pieces of packing dumped into the column was 
determined by dividing the total weight of the 
packing by the weight per piece of packing 
The volume of the column to be packed was 
accurately measured. Since the surface area and 
the volume per piece of packing were known, 
and the dry void frac- 
could be 


These values are reported in Table 2 


the superficial area, a», 


tion, F, of the packing calculated 
For the 
most part, the values for the void fraction of 
the packing by drainage agreed reasonably well 
with the calculated dry-void fraction 

The column was packed by dropping several 
pieces of packing at a time into the column 
filled with water. The column was not disturbed 
in any way while the packing was being added 
No attempt was made to obtain the densest 
possible arrangement of the packing No 
settling of the packed bed during operation was 
The 


the packing 


observed for any of the packings used. 


dimensions of the openings of 
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support screen were sufficiently small 


Vu 12.24 Vu 


>in. rings 


3-in 


‘a-in. rings 
6-in. column 


10.02 
5.18 


column 


Vy 9.52 Vv 
3a 3b 


?’ 

*3-1n 

6-in. column 

Vv 10.02 

Vv 5.18 
uf 


4g-in. rings rings 


Fig. 3. Photographs of 


0.213 in 


square) to retain any size of packing used 


Liquid-Liquid System 


The 
with 


toluene-watet 


diethylamine as the solute 


materials employed were nitration-er: d 


toluene 


Chemical 


distilled water, and diethylan 


Engineering Progress 


temperature 
were 
tion column design (73 

mutual 


Franke 


olubility of one phase in the 
very limited. Thu or thi \ 


6-in 


\ccurat 


tribution 


minimum purity 
um-dadi 
or this sv 


tem a 1 tunction ot 


ind solute concentration 
ivailable from the work of Morello 
ind Wehn and Franke (23). From 
olubility Wehn and 


evident that at concentra 


10 wt 


data of 
wt 1 


le than chethylamuine 


the water or the toluene phase, 
| | othe t 
tem, 


ble oO nes he ) ence ot 


s-in. rings ein 
column 6-in 
20.38 Vv 
5.18 


3c 


rings 
column 
7.86 
8.94 


rings rings 


column 
30.20 51.80 
5.18 20.72 
3g 3h 


column 


extraction column operation 


column i 
this 


umption that the equili- 


uughout the 


lilute solution kor 
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TABLE 1.—6-IN. 1.0. COLUMN, ‘IN. RINGS 


Concentration, Ib. moles ‘cu.ft. 


Toluene 


Exit 


Inlet 


2 Cr, cwy 


0.00602 
0.00620 
0.00512 
0.00631 
0.00698 


0.01509 
0.01509 
0.01509 
0.01509 
0.01574 


0.00743 
0.00797 
0.00831 
0.00872 
0.00860 


0.01574 
0.01574 
0.01574 
0.01574 
0.01574 


coooco ooococo 


0.00778 
0.00727 
0.00672 
0.00606 
0.00729 


0.01579 
0.01579 
0.01579 
0.01579 
0.01579 


ooococ oc 


°o 


0.00762 0.01579 


(Acw)im (Aer)im 


0.008921 
0.009049 
0.008604 
0.008472 


0.007178 
0.007445 
0.007034 
0.006975 


0.008964 
0.009361 
0.009238 
0.009388 
0.009242 
0.009512 


0.007098 
0.007681 
0.007751 
0.008020 
0.007936 
0.008225 


0.009170 
0.009019 
0.008751 
0.008142 
0.009096 


0.006908 
0.006866 
0.006643 
0.006069 
0.006926 


0.009567 0.007346 


Water 


Column Temp 
*<¢. 


0.00995 
0.01053 
0.00821 
0.00938 
0.01100 


0.01241 
0.01274 
0.01372 
0.01413 
0.01450 


0.01372 
0.01212 
0.01055 
0.00836 
0.01253 


0.01446 


Flow rate 


Material 


cu.ft. / (hr.) (sq.ft 


balance, 
% Toluene Water 


Error Vr Vw 


3.1 7.86 
3.1 7.86 
6.7 5.80 
16.1 10.02 
6.8 5.80 


2.8 7.86 
3.7 10.02 
0.3 12.27 
09 15.12 
—0.2 20.40 


3.8 15.12 
40 15.12 
2.6 15.12 
0.7 15.12 
3.2 23.70 


2.2 





brium line is straight is also valid for 


dilute solutions. 
Experimental Procedure 


The mass transfer of diethylamine from a con 
tinuous water phase to o dispersed toluene phase 
was investigated. The entering diethylamine 
concentration in the aqueous phase was held at 
approximately 1.8 wt. % diethylamine during 
all the experimental work. No diethylamine was 
added to the toluene feed; however, on redis 
tillation, a small amount of diethylamine entered 
the toluene feed and was reported as such. Be 
fore operation was started, the liquids in the 
feed drums were mutually saturated with the 
opposite solvent. During operation, the two 
phase interface was located approximately 1 in. 
above the top of the packing. Operation was 


held constant, and flow rates were observed on 
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the rotameters. After two complete changes of 


continuous phase, samples of the exit liquids 
were withdrawn at the sampling taps and were 
analyzed for diethylamine content. Another set 
of samples was taken after one more complete 
change of continuous phase. 

In operation, the space in the bell section 
between the stainless-steel cone section and the 
(above the packing-support 


bell-section wall 


screen) was occupied by air. This space was a 
dead space ond did not in any way affect col 
In the study of the '4- 


umn operation. and 


%-in. Raschig rings in the 6-in. 1.D. column, a 
bell section was used constructed of 20-gauge 
stainless steel identical in design to the Pyrex 
bell section. 

The experiments were carried out at ambient 
varied from 24° to 


room temperature which 


31° C. as extreme limits. It is evident from the 


Chemical 


Engineering Progress 


results of Morello (13) that an over-all variation 
in temperature of this magnitude is not impor- 
tant for this system in this temperature range 
Morello has shown that a variation in tempera- 
ture of 11.7° C. (from 26.8° to 38.5° C 


in only an 8% variation in the value of (H 


results 


Calculation of Mass-transfer Results 
A sample table of data for the ™% 
rings in the 6-in. 1.D. column is 
Table 1 Values of Kya, 
(f1,) w, and (Hy) 1 the over-all 
and units 
both tl 


transter coethcients 
were calculated on 
phases 


Hips wert 


toluene 
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TABLE 2.—HEIGHT OF INDIVIDUAL TRANSFER UNIT AND PACKING PROPERTIES 


Superficial 
Nominal Ratio of area of Void 
packing column diameter Number of packing, fraction, 
size, to packing packing pieces a, F, 


size cu.ft sq.ft.)/ (cu.ft cu.ft.) (cu.ft 


12.0 87,330 214 0.600 
16.0 87,100 214 0.601 
24.0 88,370 217 0.595 


8.0 22,660 143 0.602 
10.7 24,150 153 0.575 
16.0 23,490 149 0.587 
16.0 23,770 150 0.582 


8,120 95.4 0.653 
8,800 103 0.624 
8,800 103 0.624 
8,720 103 0.627 


4,880 90.1 0.676 


2,460 0.721 
2,800 0.682 


1,130 0.682 


Unpacked 
Unpacked 


Note: Packed volumes: 3-in. 1.D. column 0.202 cu.ft 
4-in. 1.D. column 0.355 cu.ft. 
6-in. 1.D. column 0.789 cu.ft 





betweet 


on the amount 


by the toluene phase per uw 


the direction of mass trat 
the water to the toluene 
chang the diet 
tion 

through the 

the calculation 
water pha t 
differences | 
number Tt 





TABLE 3.—PHYSICAL PROPERTIES OF RASCHIG RINGS 


Nominal Volume Surface area 
packing Outside Woll Weight piece piece 
size, diameter, thickness " piece, x 10°, x 10°, 


in. cu.ft sq.ft 


0.458 0.245 
1.76 0.633 
4.27 1.18 
6.64 1.85 
11.3 2.46 
28.3 5.59 
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Subscripts W and refer to the water ® erro! phases W and T, respectively 
ind toluene phases, respectively diethylamine in — diethylamine out Equations (5a) and (56) 
interesting method for correlatins 
ubseripts 1 2 refer to the top diethylamine in - dt sa 
(4) traction data under widely varying 
. ditions of flow. Thus, if (H,)gw is 
‘ight of a transfer unit plotted agai 


and bottom ) he olumn, respec 


tively ‘ae 1} , ' 
over-all he t mV w/l'7, a straight line 


was resolved into the individual film j, obtained. the intercept of which on 
values for each of the packing sizes the (H,)ow 


used in each of the three columns by the 


of H, the equilibrium-distribu ~ 
. : ixis will represent the in 
tion coethcrent, were taken trom a large : ‘ : f : 

tit ’ lividual film unit, (47,4) yw, and the slope 
> equilbbrium-distribution e of the following equations line will be (Hi, In order for 
juene-diethylamine-watet 


Values of , the lope ot } (H, w tt (Hy) 


equilibrium curve, were also avail 


from the work of Morello (13 


mV y the intercept and slope ve true values 
1G; ot the individual film 
J 

ing conditions must be met 


; ( H, ia The equilibrium line is straight; i.e., m 
material balance was made on the mh 
dCw /dCr Cw/C This condition is gen 


unt of diethylamine entering 
erally true in dilute solutions 


where m is the slope of the equilibrium 

the column the extract . ' . j +f - the ; 

— , curve dCw/d w relerring to the The operating line is straight; i.e., the volume 

Phe balan was made 1 equilibrium concentration in 
he per cent of oO ! that in phase 7 


fii w rates 


of each solvent phase is constant throughout 
the column 

The individual film transfer units are constant 
and do not vary with flow rates, column pack 


ing, and solute concentrations in the column 


4 
— 


Column Behavior and Packing Size 


The appearance and 


packing size were 
1 by previous investigators (3 
\ large number of photogra 
taken of the column during opera 


bs! 


on with the various packing sizes. In 


iS 


t cases, the top ot each picture cor 


ponded to a point approximately | 





2 in. below the top of the pa 


number of vical photograph 


NS eee 
‘ 


cluded in Figure 3 


Che column operation with ring sizes 
in. and larger is markedly different 
it with '4-in. rings. In the case 
former, the droplets of the d 
ippear to be ll defined 
spheric il hape, : 
ly constant 
endent of pack ng size 


istrative of column beh 


UNIT 


in. and larger 
of a large 
cluded het 





the follown g type ol behavior 


tion with ring sizes )2 In, oF 


TRANSFER 


low lispersed pl ase flow 


portions ot the packing (as 


the wall) appear to be rel 
ictive, with few droplets 
throug se portions. As_ the 
persed-phase flow rate is increased, 
utilization of the packing by the dt 


OVERALL 





/p 
becomes more uniform. A marked 
crease of the dispersed phase he Idup 1S 


OF 


SERIES PACKING 
-1 1/4-in. RINGS , . 

2 3/8-in. RINGS ilso evident The dre plet size of the 
-3 1/2-in. RINGS dispersed toluene phase ypears to be 
A 


eee ie ae independent of increases in the flow rate 
7 UNPACKED of the dispersed phase. At a constant 


continuous-phase flow rate, the droplet 


3 
3 
3 
3 
3 





8 9 10 size ot the dispersed phase 1s approxi- 
a Ve mately equal for each of the packing 
Vy sizes 14 in. or larger. 





The loading point was not reached 
Fig. 4. Mass-transfer results, (H:)ow, in 3-in. 1.0. column for any of the packing sizes larger than 
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incre 
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oidup 
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Figur 
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beh iVvio}r 


through 


is mucl » as observed f 


rings 
kings ™% in. ot However, as 
continuous-phase 


the droplet size 


T) 
' 
the dispersed- or 


flow rate is increased 


increases markedly, and the type of flow 
becomes similar to that characteristic « 
the %4-in. rings. This is well illustrated 
by the contrast between Figures 3d and 
3e and between Figures 3f and 3a. It 
important to that 

flow rates, the drop size of the dispersed 


somewhat 


note at compart able 
the %-in. rings is 
than that in 

is evident 


phase in 
smaller 
This from 
Figures 3f and 3b 


rings 
comparison ot! 
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In the following conclu- 


sions emerge from the preceding photo 


summary, 


graphic analysis: 


The droplet size of the dispersed phase is 
independent of packing size for packings !2 in 
or larger. 

The droplet size of the dispersed phase is 
greater for ‘4-in. rings than for any of the 
larger sizes of packing 

The %-in 


transition packing between ‘4-in. 


rings behave as a critical or a 
rings ond 
packings ‘2 in. or larger. 


Results of Mass-transfer Studies 


Table 1 lists the 


obtained for '%-in. rn 


experimental result 
in the 6-in. I.D 
column 

The experimental results are 
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4, 5, and 6 become the intercepts of the 
lines in the corresponding (H,) 7 plots 
and, conversely, that the intercepts in 
Figures 4, 5, and 6 become the slopes 
in the corresponding (H,) 7 plots. This 
condition is verified within the experi 
mental error of the data. The values for 
the individual H,’s for each of the pack- 
ings are given in Table 2. These values 
were obtained from large-scale plots of 
the results. Straight lines were drawn 
to fit the points of the least probable 
error as 
of the 


The value 
film-transfer 


closely as 


possible 
individual unit re- 
ported for a given packing is the aver- 
age of the values obtained for the slope 
in Figures 4, 5, and 6 and the intercept 
in the corresponding (H,) or plots and 
vice versa. In all cases the deviation in 


the corre pondence between the 


(How - FEET 


UNIT 


TRANSFER 


OVERALL 














and the intercept value for the indi- 
vidual film H, is less than 10% 

In the experimental work the loading 
not for the 
packing sizes larger than \% in. The 


loading velocities for the toluene-water 


point was reached any of 


system using '%-1n. 
be calculated from the data of Ballard 
Piret (1). It is probable that the 
effect, on the loading velocities, of the 
change in the physical properties of the 


ring packing may 


and 


toluene-water system due to the presence 
of diethylamine as a solute, is small. A 
the 
velocities with the data for ™%4-in 
in the 3-in. I.D. column (series 3-3) 
that runs 7, 8, 9, and 10 are 
above the loading point. These runs are 
solid Figure 4. It 
is evident that lower values of (H,)o, 


comparison of calculated loading 


rings 
reveals 


shown as points in 
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Fig. 6. Mass-transfer results, (H:)ow, in 6-in. 1.D. column 
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are obtained for these points 

In discussing droplet behavior with 
respect to packing size, it was pointed 
out that for a specific dispersed-phase 
flow rate, the droplets of the dispersed 
phase in operation above the loading 
point are smaller than in operation be- 
the point. However, it 
would seem reasonable that the bunch 
ing together of the droplets in operation 
above the loading point would largely 
nullify any increases in the interfacial 


low loading 


contact area due to smaller drop size 
In photographs of column 
above the loading point, there appeared 
to be very 
of the dispersed phase. It is pos 
the breakdown of 
high flow rates as observed by Row, 
Koffolt, and Withrow (16) may be re 
sponsible for the smaller 
values obtained for 


operation 
a number of small droplet 
sible that 
toluene droplets at 


over-all HH, 
these points 


ever, the data above the loading 


% 


posit 


statements concerning this behavior 


are too meager to warrant any 


Reproducibility of Results 


The results obtained for a 
packed bed are reproducible within 10% 
The 


sistency of the data, within the experi- 


specific 


on a relative basis. internal con- 
measurement, is well 
represented by Figures 4 through 6. It 
note that 
column operated unpacked are 


mental error of 


iS important to the data 
the 
so accurate as the remainder of the d 
This is a direct consequence of the 
columim for 


ethcrency ol an 


unpac ked 


mass transfer in the water-diethvlamine 


toluene system lumn, 


the 


In the unpacked « 


smaller values which are obtained 


for the rate of mass transfer are subject 


to relatively than in the 
other modes of 
flected by a 
culated H, 
column 

An atten pt was 
reproducibility of the 
packing the 
runs 


greater errors 
This is re 
the cal 


} 
unp ich 


operation 
lower accuracy in 
values for the 
n ade to evaluate 
results 
packed bed. 
4-34) was 


the 4 In. 


column was 


upor 
One series 
made 


I.D. 


repacked 


(series with 


in. rings in columt 
the 


results are 


which 
compared with the orig 
Series ¢ 
A 15% 
Phe 
ratio 


¥ runs (series 4-3) in Figure 5 
increase in (/1,) gy is indicated 
column-diameter t 
for these runs is 
interest to note that Dell and Pratt (7) 
Pratt (&) 
similar difficulties in the repr: 
of flooding 


using '%-1n 


Pp i | n 
8.0. It is of 
encountered 
ducibility 


and Gayler and 


and holdup data respectively, 
ring packing in a 3-in. 1.D 
In their the ratio of col 
umn diameter to packing size was only 
6.0 Pratt 
similar difficulties are to be expected in 
the the 
mass-transte1 upon 


colum1 


case 


Gavler and suggested that 


reproducibility of results of 


studies 


repac king 
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the column. These 
ably 
the alignment of the pieces ol packing 
Poor 


ably to be expected for check runs, in 


difficulties 
random 


are prob 


caused by differences in 


reproducibility of results is prob 


which the column has been repacked in 


he case of column di 


ameter to packing 
tios oft 8.0 o1 less 


SeTies if check 
] ] 


aiso Carried 


runs 
out tor 3¢-in. rings in (ine 
6-in. I.D. column, for which the 
was repacked 

in Figure 6. In this 
column diameter to packing size of 


column 

shown 
ratio of 
16.0) 


> were reproducible well within 


results are 


case (a 


>; Of experimental accuracy with 


iverave deviation of 7 5° 


End Effect 
The 


colum1 


ked he } 
used 
5.5 i 


icht of 
held constant 
for all 
in series 4-38 
in. 1.D. column ) 
packed height of 
The 


4 3R 


T ear 
was 
value ot rut 


except (with 


column 
An 

I.D. Pyrex gla S pipe 
1 to the top of the column at 


and the 


d effect 1s 
trans 
bserved by 


‘ Fur 


oe 
° 


w 
°o 


n 
°o 


a 


TRANSFER COEFFICIENT 
° 


Kyo 


° 
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OVERALL MASS 
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°o 
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Fig. 7. Effect of dispersed-phase flow rate on the mbss-transfer coefficient, (K Se-in 
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to establish the 
magnitude and the nature of any pos 
sible end effects 
packed columns. 


ther work is necessary 


which may occur im 


Flow-rate Effects 


In order 
tercepts oO} the 


the slope a rd Nn 
Figures 4 
through 6 to be equal to the values of 


lor 
lines in 


the respective individual film //,’s, the 
individual film H,’s must be independent 
of the flow For the 
film H,’s to be an appreciable function 
of the the fitting the 
experimental data according to qua 


rates individual 


flow rates, lines 


tions (5a) and (5b) must be curved 


Llowever, there is no 
the lines of 
6 over the range of 


apprec table cufva 
4 through 
tudi 1 


ture in Figures 


flow rates 
Inasmuch as the ¢€ xperimental data were 
obtained at reproducible flow rates, it is 
possible to analyze the data for the effect 
of the individual flow rates 

Since Aa values are itive te 


Hi, 


very sel 
fluctuation in flow compared to 
the Ka will be used 
inalyzing the experimental data for the 
effect of flow \ typical plot of 
Kya vs. lp with Vw as a 


using logarithm 


values values 
rates 

parameter 
coordinate 1 shown 
in Figure 7, where Kya is plotted vs 
1.) 


Figure 7 is typical of the data 


by ior e-i ring in the 6-n 
column 
ill pac ku i’ 1Zes 
The average slope for 
lightly less than 
that within the 


A wa increases linearly with a1 


indication 


data 


unity 
accuracy of the 
increase 
rate 
ettect 


in the dispersed-phase flow 


However, an interaction 


flow rates is also indicated 


slope ot the 


ma 


i the 


plot (tor 


SERIES 6-4 
5/8-in RINGS 
-in. 10. COLUMN 


| 
SS at 


15 20 


30 40 60 


FLOW RATE, (CU. FT)/(HR)(SQ FT) 


rings 
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is l w 1S decreased 
Figure 
slightly 
pl 
ettect 


ise flow 


Tor 


Similar plot f Aya v ly, U 

prepare 

ings in each of the colum 
ill the plot 


logarithmic coordinate were 


iverage slope tor 
rings is approximately O.8 
indicate the 

coefhicient, Awa, is a 
on ettect of 


1. ir 


hy-in 
ovet ill 1 
hun 
some interact 
indicates 


plot 


is also 


lopes ot the 


appli il 
where 
equa 
ystem re 
it the di 
film-transfe 


indepetr lent 


functor 

individual 
continuou 
Colburn 
quation 
ire ba ed ( 
Laddha 
ition of the d 


itterT 


ind Smith (/0) 


vari indi 


persed-phase 
vidual film-transfer unit with flow rate 
Thu the validity of 
(6/ for eparating 


ill H,'s into individual 
tior At any 


lquation (6a) 
value of the 


film H, 


rate for 


ind 
ove! 
is open to que 
the toluene-diethylamine-water system, 
the value of (/1/,) ym is so small compared 
to the value of (H,), that the use of 
(5b) to 


ult in 


(5a) and 


doe 


error 


| quatior correlate 
the data 
table 


Similar 


not re any appre 


plots ot ng 
] corroborate the 
ring At 


behavior 1 


ogarithmic coordit 
behavior ve-in 
flow 
imilar to that ot packing 
and at 


rates the values for A yaare smaller thar 


transition 
low toluene rates, the 


izes on 


ind larger, corresponding flow 


those tor '%4-1n 


4 


s, the values of K wa tor %-in 


At higher toluene 


ring 
flow rate 
become equal to those for 


Some interaction eftect 
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transier coethcient 
of variations in flow 


lor pac ked « olumn 


rates is complex 
the 


and (5b) to 


Nevertheless, 
f Equation 5a ) 
the data 

tal error in this inve 


correlate within experimen 


tigation 


Effect of Packing Size on Mass Transfer 


lhe effect of pac king ize on ma 


transfer well illustrated in Figures 


through 6 Packing size 4 im y 
higher H, 
packing 


a definite 


markedly 

than do the maller 
+ through 6 indicate 
packings % in. or 


larger posse 
\ ilue 
igure 
trend for 
that for a 
value of H1, 
packing is 


the drople t 


larger in 


pecific column diameter, the 
mcrease ] 
increased. The constancy of 
ize of the dispersed phase 
or larger is discussed 


the 


or packings % in 


in connection with phot graphic 
For these 
droplet ot the di 


mallet | the 


Oo! column behavior 
izes, the 
void 


tant 


pel ed phase ire 


pace of the packing For 1 con 
dispersed 


per ed 


drop size of the phase the 


holdup of the di pha e gover 
the mean velocity of droplet rise through 
the packing and thereby fixes the time 
(and the 


oO the droplet 


ot contact interfacial contact 
continu 
and Pratt (8) have 
that the holdup of the dispersed 


is the 


us phase. Gaylet 
hown 
ze of the pack- 
why less 


Phi explair 
is obtained with 
e im packing size for packings 


or larger. Thi ivior supports 

that one he un 

tions of packings ! 1 O g to 
baffles in 


Furthermore or a 


the concept hun 


ict as a seri column 
pecih vstem and 
would 
H,’s to be 
correlatable with factor charactet 

e of the packing. A corre 
lation thi 


i peciti packing, one 


expect thi ndividual film 


toluene 


pores 


type jor the 
with 


dciethylamine-water 
packing 
equent ection of the 


In order to ¢ xplain the greater mas 


elhciency ) i? 


f packing, 


ill effect of 


Gayler 


e must considet ovel 
and 
Pratt i W the holdup 
of the dispersed pha 


everal important factor 


packing greater than t tor any ol 


the larger packu 4 zt 


iIncreas¢ 
in the holdup of the dispersed phase for 
time ol 
and the 
hand, 


dispe rsed phase 


result i ik 
ly 


join. ring never 


contact between the droplets 


continuous phase. On the other 
the droplet size of the 
is greater r '4-1n. rings than tor any 

the other packing us the re 
interfacial contact 


sultant area is deter- 
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mined by 
ing tactor 
tion of the droplets and the 


a balance between two Oppos 

Furthermore, the deforma- 

collisions 

between successive droplets In passing 
the 


,-1n. ring 


through small void spaces of the 
probably results in an in- 
crease of the internal circulation within 
the drops. From the work of Sherwood 
et al. (JY) and Licht and Conway (12) 
with single drops in spray columns, this 
behavior may be expected to effect an 

ase in the mas 
A, and thus 


Che over-all result ofr these 


S-transier coethcient, 
value of H, 


factors 1s 


dec rease the 
greater ethciency ot 
than for 
sizes ol packing 

+ through 6 


mass tr 
rings any of 
how that 
the 
and '%4-in. rings 


Figures 
is little difference 
of H, for 
plaining thi 


he tween 


close relatior h 


must reconsider the same factor which 


influence the mass-transfer efficiency of 


the 4-in. rings ‘Lhe holdup of the d 
persed phase for 3-in. rings, being 
lightly less than 


effects a decrease 


that for %4-in. rir 


4 
(compared to 
rings) im the time ot 


drople t 


contact tor 


of the dispersed p as con 
the 
hand 


ize of the dispersed phase 1 


with those of 


On 


pared continuous 


pha e the other the droplet 
somewhat 

rings than fo 
Phus, the 


( pposing 


maller for 3¢-in 
14-in. ring packing 
effect of these 
approximately — the 


ove! 
two lactor 
same as that 
rings 
work 
expect less 
within the d ] 


Furthermore, 
of Sherwood il (19), 


1 


one may inter? circulation 


acropiet 

ismuch as droplet 

than those for ™%-in. ri preced 
hy analy 

ma tral 


vacking 
packing 


red to an unpac 


pecifie rate I 
The only known data for the toluene- 
vstem determ 


other industrial packing consists 


experimental runs reported by 
Franke (23), who used a 
l with a packed height 
>-in. Berl saddl Thes« 
data are not directly comparable to the 
because the inlet 


pre investigatior 
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solute concentration of the water feed 
it used 
Nevertheless, 
magnitudes of the H, values 
Berl 
obtained for 
I.D. column. 


Franke 


was approximately twice 
the present investigation. 
the relative 
reported for the %-in iddles 
the 
4-in. rings in the 


The data of Wehn 


shown on Figure 5. 


are 


comparable with 


are 


Effect of Column Diameter 
on Mass Transfer 


The result 
tion 


diameter 


indicate that a ra 
to packing 
8.0 should be 


of packed liquid-liquid « 


maintained 


For a packu gy size, the 


ettect ol 


umns 


operating with column 


5 


‘ 


chiameter-—to packing 


than 8.0 is 


1 
vaiues, Le 


ethnciency 


void fraction 


rings in the 3 


than tho 


il film 

It 

indivi- 

. rings 

in ltl. 

I.D probably due to 
wall eftect, as 
pal igrap! 
individual //,’s for 34-in. rings in the 
6-in. I1.D. column 


column 
discussed in the preceding 


Hlowever, the ill for the 


are greater than those 
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EFFECT OF COLUMN DIAMETER ON 


Correlation of Effect of Packing 
Size on Mass Transfer 


For a st} { ystem and 


PACKING ; COLUMN 
n.10 COLUMN 
1/2-in. RINGS - in 10 COLUMN 
. nt 0. COLUMN 


D COLUMN 
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ni 
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<a 
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Fig. 8. Effect of tower diameter on mass transfer, (H 


EFFECT OF PACKING SIZE 


ON HEIGHT OF INDIVIDUAL TRANSFER UNIT, 


Summary 


UNIT 


PACKING COLUMN DIAMETER 
SiZE 3-in 4-in 6-in 


TRANSFER 


\/4-in RINGS 
3/8-in RINGS 
1/2-in. RINGS 
5/8-in. RINGS 
3/4-in RINGS 


INDIVIDUAL 


oF 


t- in RINGS 


HEIGHT 


200 300400 600 1000 


o,/F* 


9. The effect of packing size and tower diameter on mass transfer 
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column operation revealed that the drop 
let size of the dispersed phase is (a) 
independent of packing type and size for 
(b) 
rings than for any of 


of packing. 


packings % in. or larger and 
for 


the larger 


greater Y4-m 


sizes The %%-in 


rings behaved as a critical or a transi 


rings and 


tion packing between '%4-11 
the sizes of packing '\% in. or larger. 


The photographic analysis permitted 
an explanation of the mass-transfer re 
the 
area due to the effect of 
the packing size on the disper ed phase 
and on the holdup of the 
the 
packing size on the individual 


height of a was de 


ults in terms of changes in inter 


facial contact 


droplet size 
dispersed phase. A correlation of 
effect ol 
film 


transter unit 


izes Yin. or 


veloped for packing 
larger. 

The ults 
that a ratio of column diameter to pack 
than 8.0 should be 


maintained in the design of packed coun 


mass-transfer re indicated 


ny ize ot greater 


tercurrent liquid-liquid extraction col 
kor 
ettect ot 


umn a specific packing size, the 


operating with a column 
diameter-to-packing-size ratio equal to 
than 8.0 is an the 
H, values, ie., a decrease in 


transier eth 


or less increase im 
ove all 
the 


Mas ency 
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Leroy 


interfacial contact area cu ft. of 


column volume, sq.ft./cu.ft 


packing surface area/cu.ft. of col- 


umn volume, sq.ft./cu.ft 


solute concentration in bulk stream, 
Ib. moles ‘cu.ft 

solute concentration 

which would be 


with observed 


in one phase 
in equilibrium 
concentration in 

the other phase, Ib. moles/cu.ft 
log mean concentration difference, 


Ib. moles ‘cu.ft. 
void fraction of the packing 


equilibrium distribution coefficient, 
ratio of solute concentration in 
aqueous phase to that in non- 
aqueous phase at equilibrium 

height of a transfer unit, ft 

height of an over-all transfer unit, 
ft 


over-all mass-transfer coefficient 
based on the equivalent driving 
force in the toluene phase, Ib 


moles/(hr.)(sq.ft.)(Ib. moles/cu.ft.) 
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over-all mass-transfer coefficient 
based on the equivalent driving 
force in the toluene phase, Ib. 


moles/(hr.)(cu.ft.)(Ib. moles/cu.ft.) 


toluene film mass-transfer coefficient, 


Ib. moles/(hr.)(sq.ft.)(Ib. moles 


cu.ft.) 


toluene film mass-transfer coefficient, 


Ib. moles/(hr.)(cu.ft.)(Ib. moles 


cu.ft.) 


over-all mass-transfer coefficient 


based on the equivalent driving 
force in 


the water phase, Ib 


moles/(hr.)(sq.ft.)(Ib. moles /cu.ft.) 


over-all mass-transfer coefficient 
based on the equivalent driving 
the water 


force in phase, Ib 


moles /(hr.)(cu.ft.)(Ib. moles/cu.ft.) 


film mass-transfer coefficient, 
sq.ft.)(Ib 


water 
Ib. moles/(hr moles 


cu.ft.) 


coefficient, 
Ib. moles/(hr.)(cu.ft.) (Ib. 
cu.ft.) 


water film mass-transfer 


moles 


slope of the 


dew der 


equilibrium curve, 


number of Ib. moles of solute trans- 


ferred 
temperature, ° C. 
superficial liquid velocity, cu.ft./ 

hr.)(sq.ft. of column cross section 
effective volume of column, cu.ft. 


time, hr 


SUBSCRIPTS 


continuous phase 
d'scontinvous phase 
logarithmic mean 
toluene phase 
water phase 


top of column 
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Discussion 

(Kerr-McGee Oil 
Oklahoma City, Okla.) | 
that the droplet siz 


leo Garwin Industries, 


Im . 


ested in 


Was inter- 
your finding 
was larger thi 


and I am 


due to the 


with the '4-1n. rings 
with the 


it it 


yg-In 


might be 


rings, 
selection of the 
particular nozzle which 
Do think you 


regular pré 


size you employed 


you might have gotten the 


gression had you used aosn aller 
nozzle diameter 


Irving Leibson: The nozzle diameter em- 
ployed in this study 
in. | DD 


diameter would have had a1 y 


was approximately 1/10 
I do not believe that varying nozzle 
effect for this 
inasmuch as 
tended to control the 


parti 


fine packing packing size 


droplet size for this 


ular packing. However, I do believe 


that for packing sizes it r greater one 


should be extremely careful in choosing the 


inlet nozzle size for 


distributor. It 


the dispersed phase 
may be possible that some 
other optimum nozzle diameter would exist 
However, in previous work done by 
the 


with 


several 


investigators using methyl-isobutyl- 


ketone-water system acetic acid as a 


solute, the optimum nozzle diameter 
found to be 1/10-in. I.D 
better information in designing our column, 
that But I do not 


nozzle diameter is an 


was 
Since we had no 
we used 


that 


S$1Z¢ believe 
important var- 
iable for packing sizes smaller tl 


an %& im 
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Factors Influencing the Properties 


of Spray-Dried Materials 


Part I 


he original objective of the research 
oe in this paper was to extend 
the study of evaporation from drops as 
reported by Ranz and Marshall (10) 
from conditions of a suspended single 
drop evaporating in a constant-tempet 
gas stream to conditions which 
imulate more closely the conditions in 
drver e., conditions of a tree 

drop in an atmosphere of changing ten 
perature However, because certain 
experiment il difficulties prevented com 

pletion of ; by] this paper 


conditions o1 

he materials 

sented as 

continuing 

ly ol droplet evi | 

pray drying 

rhe results of the study are reported 

trom two standpoints. One is based on 

a study of the bulk densities of the 

iterials studied and the manner in 

which they varied with drying-air tem 

perature, liquid-feed temperature, and 

feed concentration The second is based 

on a classification of materials according 

to the nature of their spray-dried prod- 
ucts 

Few quantitative data are available 


relating spray-dried 


product character 
istics to Operating \V iriables or to the 
physical or chemical properties of the 
materials being dried. Wallman and 
Blyth (19) reported a study of the effect 
ol operating variables on the product 
characteristics of sodium silicate but did 
not extend their findings to other 
terials. The data of this study are als 
specific, in a sense, since they apply only 
to the materials dried and to the special 
conditions of drying used. However, the 
trends are considered significant, while 
the data emphasize the importance of 
certain factors, particularly the film 
forming tendencies of the material, in 
imparting properties of hollowness and 
lightness to the spray-dried particles. 
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A vertical, cylindrical concurrent-flow spray dryer, 8 in. in diam. and 20 ft. high, 
was developed for experimental studies on the drying of a stream of drops of 
controlled size. A viscous-jet atomizer was used to produce the drops, and its 
breakup characteristics in this application were studied. High-speed motion pic- 
tures of the mechanism of jet breakup were obtained. 

The bulk densities of several materials were studied as a function of air and 
feed temperatures, feed concentration, and material properties. The bulk densities 
of a water-dispersible organic dyestuff and sodium silicate were found to decrease 
with increasing drying-air temperature, with the effect due largely to increased 
dried-particle size. The bulk densities of the dyestuff, sodium silicate, and sodium 
chloride were found to decrease slightly with increasing liquid-feed temperature, 
with the effect due largely to chunges in atomization. The bulk density of the 
dyestuff was found to decrease with increasing feed concentration, with the effect 
ascribed to an increase in dried-particle size. However, it was concluded that for 
other materials the effects of feed temperature and concentration can also be 
opposite to those observed. 

Thirteen materials were spray dried, including inorganic salts, the dyestuff, a dis 
persing agent, whole milk, gelatin, coffee extract, and corn syrup. Photomicro 
graphs of some of the products are shown 


W. R. Marshall, Jr., recently named associate dean of 
the College of Engineering, University of Wisconsin, and asso 
ciate director of the Wisconsin Engineering Experiment Station, 
was employed by Du Pont Co. at its experimental station in 
Wilmington, Del., from 1941 to 1947. He then returned to 
the University of Wisconsin, from which he had received a 
Ph.D. in 1941, as associate professor in chemical engineering 
A consultant to industry, his principal field of research is 
drying and related topics. At the 1950 meeting of A.I.Ch.E., 
he and J. A. Gerster, of the University of Delaware, received 
the awards for the best presentation of a technical paper. 
In December, 1952, Dr. Marshall presented the fourth Annual 
Lecture of A.l.Ch.E. The subject was Spray Drying and 
Atomization. 


a 


At 
J. A. Duffie is a scientific liaison officer at the Chicago branch : 
office of the Office of Naval Research. He received a B.Ch.E. ; 
and an M.Ch.E. from Rensselaer Polytechnic Institute, Troy, 
N. Y., where he was an instructor of chemical engineering for vey 
three years. He was awarded his Ph.D. from the University 
of Wisconsin in 1951. Before being recalled to naval service, 
Dr. Duffie was employed as a research engineer at Du Pont’s 
electrochemicals department. 
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involved the development of a so 


viscous-jet atomizer and a study 


ire 


tudy 
f the meth rmation used, 
and the se drying 


iment 


Description of Experimental 
Equipment 


The somew 
dryer usec 


based « 


Page 418 


la. Left, General view of experimental drying tower before insulation 


Fig. Ib 


1. The path of travel of the drops through the 
dryer should be well defined 
2. The residence time of the drops in the drying 
zone should be necrly independent of particle 
size, or at least measurable 


3. The drops should be as uniform in size as 
possible 
4. The drops during drying should be accessible 


for sampling 


Fig le Left 
View of glass sec 
tion and sampling 
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Above, View of top of tower and jet atomizer in position 


5. The air 


not be excessive 


requirements and dryer size should 





ESAS 











Fig. 2. Section view of top 
drop entry equipment 
jacketed section 
nozzle plug 
feed thermocouple 
glass tubing shield 
transite retaining ring and tower top 
perforated distributor plate 


conical baffle on plate 
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Fig. 3. Assembly of glass capillary nozzle 


1. brass plug 

2. glass capillary tube 
3. packing nut 

4. rubber packing 


the drying air 


of 


rhe purpose of this type 
twofold: (1) it 


lispersing 


atomizer was pro- 


without them 


2) the drop size was 


duced drops 
¢ ind { 
iform and better con 

; io die wd 


Details of the 


the drop entry 


shown it 
ot 
section 


gures 
the 


are 


and 
shown in Figure 2. 


top tower 
1.D. and 19.5 ft 
composed of alternate lengths of 2.5-ft 
0.5-ft 


Auxiliary equipment included electric air 


The dryer proper was 8 in 
long, 
stainless-steel duct and of 
pipe. 


heaters, blower 


Pyrex glass 
thermocouples, and a temperoa- 
ture recorder for measuring air and feed tem- 
peratures 

The 
capillary 


small-bore 
the feed 


The liquid issued as a viscous jet, 


jet atomizer consisted of c¢ 


tube through which liquid 
was pumped 
the jet breaking up into drops uncer the influ- 
ence of surface tension. The resulting drops all 
moved with nearly the same velocity and were 
relatively uniform in size. The capacity of the 
nozzle was low. The major disadvantage of this 
method of drop production was that the drop 
diameters produced were of the order of twice 
the diameter of the capillary. This made the 
production of drops smaller than about 2004 
difficult 


from 


Capillary sizes down to 200u were cut 


stainless-steel hypodermic tubing, while 
smaller sizes were drawn from glass capillary 
tubes. The method of assembly of the latter type 
is shown in Figure 3, and a photomicrograph of 
the tip of a nozzle is shown in Figure 4. Glass 
capillaries with bores as small as 80,4 were 


operated successfully, although some difficulty 
was encountered owing to clogging or drying of 
solution in the capillary 


A low-copacity feed system was devised in 


Vol. 49, No. 8 


Chemical 


which a metering unit pumped S.A.E. oil against 
© mercury-seal column, which in turn forced the 
feed liquid through the capillary. The feed was 
filtered through a screen having 40-4 openings, 
while the feed line was jacketed for temperature 
control, as shown in Figure 2 

In operation, air from an _ aircraft-engine 
supercharger blower was heated in an electric 
heater and passed into the tower through an 
annular ring near the top and then through a 
perforated plate for distribution over the tower 
The the 


capillary just above the top of the tower and 


cross section liquid jet issued from 


broke up into drops prior to coming in contact 
with the hot air 
The 


cessible for removal and could be operated out 


This is shown diagrammatically 


in Figure 2 jet atomizer wos readily ac- 
side the dryer when photographic studies of its 


performance were mode 
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he need of certain 
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BREAKUP OF VISCOUS JETS 
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Ravk pioneering 
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first 
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Rayleigh described a 
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ind postulated 
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der for this unstable equilibrium to be 


cle stroved it must be subjected to certain 
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icements can be tf 
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increased 
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that the 


hortest breakup time occurred 
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corresponded to the ¢ 

instability. This condition was a 
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Fig. 5 


in the intermediate range, and 


the re 


numbers 


although ults were not 
used in this study, they are reported here 
for the benefit of other the 
field 

\ heat balance on an evaporating drop 
of diameter 1D), gives for the time of 


evaporation 


actually 


workers in 


pra 
ZAt 


At A Re 0), 


evaporation 1s 


the time for complete 


pA)? 


(3) 
Sk, At 


Ranz and Marshall's correlation (10) 
for heat transfer to drops can be sub 
stituted in (2) to give 


(4) 


Perry gives for the terminal velocity 
in the transition or intermediate region 
the empirical equation 


0.153D,! Mg (py, p,)?™ 


0.43 
Pa 


Substitution of (5) in (4) gives 


) 
po 
I al Dy 


- (6) 
14+ BD, 07 


Evaporation times for pure liquid drop calculated from Equations 


4 5 67 8910 20 


- a | 


t 
i 100 
400 600 600 1000 


300 











3) and (9 


DPal Pr 


0.3| 0.153 ( 


and from (6) 


pra > 
Sk At - 
Dyn 


In order to (8) ina 


integrate it 


put 
form, 


Equation 


convenient one can 
from an appropriate lower limit, below 
which the correction is negligible, i.e., 
100p, to D,, Adding the for 
evaporation from 100 to zero pw, as given 


by (3), 


time 


gives 


on BD) 


Pl 


») & 
Pl 100 


In Equation (9) the first term is the 
evaporation lifetime at zero relative ve- 
locity, and the second is the correction 
to account for the terminal velocity when 
the drop is larger than 100 

Here it is convenient to use units of 
seconds for @, millimeters for D, and 
grams per cubic centimeter for p,;. Then, 
0.73, p 1.00, pg 
” and Pa ~S PL» 


assuming Np, 
29( 273) /24,000 7 


PI 
pol 


” 36 


mm 7 (10) 


B 0.071 | 
a | 

For 130° F., 

Equation (9) was evaluated for three 

values of the parameter 8 and the re- 

sults are 


a drop temperature of 


plotted in Figure 5. Curves 
of B vs. air temperature and Af are also 
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shown. The spacing between the curves 
for various At values is nearly a linear 
function of p,. For liquids other than 
water, evaporation times 
mated by multiplying 8 as read from the 
curve by f° ® and multiplying the re- 
sulting time by p,A/Aq.g where py, 1s 
in grams per cubic centimeter. If the 
drop temperature differs appreciably 
from 130° F., the time may be corrected 
factor (ts — 130)/(tg — tarop)- 
These curves are considered to be ap- 
plicable for drop sizes up to about 600,. 


can be esti- 


bv a 


The curves of Figure 5 are applicable 
to the evaporation of pure liquid drops. 
They apply to the 
drops containing solids in 


evaporation from 
solution or 
suspension only during the period when 
the drop surface is completely wet, as 
Ranz and Marshall (10) 
The pe riod of the 
drops become rigid and heat up is an 
important fraction of the total drying 
time. Methods for estimating this frac- 
tion of the time require further develop- 


discussed by 


evaporation when 


ment 


VARIABLES AFFECTING SPRAY-DRIED 
PRODUCT PROPERTIES 


The dry product from spray drying 
pat 
(up 


particulate and mav cor 
40 )} or 


The particles are 


sist ot fine 
ticles (- 
to 6000p) 


larger particles 


11 
generally 





D,2dD, 
(1+ BD,}) 





spherical and in most cases hollow or 
porous. It is that 
spray drying produces a particulate ma- 


evident, therefore, 


terial with certain desirable characteris 
tics not readily obtainable by other dry- 





D,3-“dD,, 
(1+ BD,' 07) 





ing methods. However, properties of the 
product particles are subject to varia 
tions caused by (1) differences in the 
physical and chemical properties of the 
feed material itself, (2) 
feed concentration, 
feed temperature, (4) 


variations in 
(3) variations in 
variations 1m air 
temperature, and (5) variations due to 
methods and conditions of atomization 
Some of the product properties of pri 

cipal concern in spray-drying applica 
tions are (1) bulk density and particle 
density, (2) bulk appearance, (3) par 

ticle size and distribution (this includes 
particle 
resistance to fracture, 


dustinesss), (3) friability or 
(4) moisture con 
tent, (5) dispersibility or tendency to 


agglomerate, and (6) retention of desir- 
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DROP-SIZE-DISTRIBUTION DATA FOR BREAKUP OF VISCOUS JET 


Viscosity, F, 


centipoise 


4.56 
4.56 
15.4 
15.4 
15.4 
154 
15.4 
15.4 
16.2 
36.0 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
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CUMULATIVE PERCENT 
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ard deviations were 


ically by plotting the distribution 
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data for 
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manner, 
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mean drop size was 
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following empirical equation 
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HIGH-SPEED MOTION PICTURES OF 
JET BREAKUP 


Motion pictures of jet breakup were 
taken at a film speed of 7,000 frames 
Several interesting phenomena were 
observed in these 
selected 


sec. 
pictures, as indicated 
in the frames of 
After the 
from an elongated cylinder 
flat disk shape 


coalesced on collision, and 


Figure 9 
oscillated 
shape to a 


formation, 


drop 
The drops seldom re- 
combined or 
they usually bounced from 


away one 
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SMALLER THAN SIZE 


Fig. 7. Log-normal probability plot of drop-size 
distribution obtained from jet breakup by the 
Rayleigh mechanism 
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Ing ind cooling operat 
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solidification occur 
Further, 


shows 
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betore attained 


the mechanism of jet breakup also 


phericity 1s 


dumbbell-shap 


why elongated or 


ticle are ometimes obtained in drying 


operations 


when surface drying or cas¢ 
hardening t 


‘sets” ligaments or jets a 
ibout to break up but cannot 
complete the collapsing process. 


they are 


Approximate measurements trom 
these pictures indicated an average ratio 
of disturbance wave length to jet diam- 
eter of about 4.6, based on drop spacing 
This 
compares well with Rayleigh’s theor« 
tical value of 4.51. 

The results of drying studies will be 


and ignoring the satellite drops. 


reported in Part I] 
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Notation 


solids concentration of feed, weight 

geometric mean drop diameter 

jet diameter 

nozzle diameter 

drop diameter 

volumetric mean dried-particle§ di 
ameter 

feed rate, cc./min 

gravitational constant 

film-heat-transfer coefficient on surface 
of drop 

thermal conductivity of film 

Prandtl number 

Reynolds number 

air temperature, ° C. 

air temperature, ~ K 

feed temperature, ° C 

inlet-drying-air temperature, ° C 

exit-drying-air temperature, © C 

driving force for heat transfer 

terminal velocity of drop 


moisture content, weight %o, wet basis 
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Resistance and Compressibility of Filter Cakes 


Part Ill: Under Conditions of Centrifugal Filtration 


H. P. Grace 


E. |. du Pont de Nemours and Company, Wilmington, Delaware 


Interpretation of compression-permeability data in terms of conditions of centrifugal 
filtration is considered for general and simplified cases. Forces existing in centri 
fugal filtration are analyzed, and a simplified centrifugal-rate equation is devel- 
oped. Results of centrifugal-drainage rate and centrifugal-filtration runs for four 
materials are correlated in terms of this simplified-rate equation. Values of aver 
age specific cake resistance for centrifugal filtration are compared for two mate- 
rials with values predicted from compression-permeability data and values deter 
mined by pressure filtration. Inherent difficulties in the sizing of centrifugal filters 
for semicompressible materials are considered, and shortcomings of methods now 


used are analyzed 


Part Ill is the final section of this paper 
Parts | and Il appeared in the June and July 


issues 
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Fig. 1. 


Shallow-bow!l 


Chemical 
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Experimental Equipment and Procedure 


To study the effect on filtration rate and cake 
properties of filtering under an actual centrifugal 
field, the special shallow-bow!l centrifuge shown 
in Figure 1 was designed and built. The bowl 
was 13-in. 1.D. by 2-in. inside depth, with a 
4-in.-thick Lucite acrylic resin top ring fabricated 
to permit the build-up of a 4'>2-in.-thick cake 
The top ring was etched with l-in. ring markers 
and at 90° radii was etched with | j,4-in. markers 
between rings. This permitted constant observa 
tion ond control of cake thickness and liquid 
level in the centrifuge during operation. The 
woven filter medium was supported on 16-over 
8-mesh screen over the perforated-basket wall 
The centrifuge was driven by a 3-hp. variable 
speed Thymotrol unit with 0.5% speed regulo 


tion. A speed range of 0 to 3400 rev./min. (0 to 
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2,000 gi was provided A tachometer generator 
provided speed indication, but final speed meas 
urements were made with a GR Strobotac tach 
ometer. Feed suspension or filtrate fed to the 
centrifuge bow! passed through a small centri 
fugal pump with Variac speed control and was 
distributed within the bowl by ao Bunsen burner 
wing tip on the feed-pipe outlet This was 
oriented to give ” r eed distribution over 
the depth of the bow! and uniform coke thick 


in. bow! depth 


Experimental Procedure 


After a number preliminary runs with 
Standard Super-Cel and G-60 Dare which were 
made to check atin rocedures, a blank 
run was made ) » ed N.F.M. No. 10 
cotton twill place. Filtrate was passed 
through the clo at various centrifuge speeds 
and with various liquid heads maintained o 
the cloth by controlling feed rate with Variac 
and pump. Filtrate-discharge rates were deter 
mined weighing filtrate collected for timed 
perioag Itrate was 
centrifuge 
lated sat sfact 


cloth resistance 


with several f 
a jraw 
containir 


introduce 


When the 


was com 

repeated for 

2000 

held con 

recircy vt hi , cake wos 

Geposited stepwise tf od g slurry 
volumes containing known weights « Gry solids 
After deposition of each cake increment, filtrate 
drainage rate and cake thickness were noted and 


the next increment * coke was formed Coke 
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Fig. 2. Resistance of filter medium in centrifugal filtration. 
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TABLE 1.—TYPICAL CENTRIFUGAL-DRAINAGE-RATE DATA 
Single 0.89-lb. G-60 Darco cake deposited from 56-g./liter distilled-water suspension at 422 rev./min. centrifuge speed 
A 0.568 sqft r 0.541 ft r 0.208 ft h 0.166 ft. 
Trace 25.2° C., NFM No. 10 cotton-twill cloth (used 


wr Drainage 
Centrifuge filtrate Collection rate, Cake Total 
speed, N, collected, time, Om, thickness, , \p, 
rev./min Ib sec Ib. /sec Ib. /sq.in 


422 2.22 178.4 0.0125 3.28 
600 2.18 100.8 0.0216 lig 6.64 
810 2.98 85.1 0.0350 12.0 
1010 2.69 58.0 0.0464 18.8 
1300 2.20 35.1 0.0627 31.1 
1590 2.99 39.1 0.0765 “6 46.6 
1920 2.24 24.0 0.0933 1% 67.8 
2102 2.31 23.6 0.0978 81.3 


* Taken from R.. vs \p curve for blank run, no cake 
** Corrected for cloth resistance as indicated below 


2nN) p 19.7)(62.3)(0.294 0.043)N 


Total Ap 32.2)(144 


0.0664 N 


33.6(10)"N 1 
ft 





TABLE 2.—TYPICAL CENTRIFUGAL-FILTRATION-RUN DATA 
Centrifuge speed, N 2040 rev./min 0.541 ft F 765 x G A 0.568 sq.ft r 0.208 ft 
h 0.166 ft Feed suspension 55.5 g. Standard Super-Cel liter distilled water 
National Filter Media Co. No. 10 (181-TW) cotton-twill cloth (used 


Filtrate rate 
measurement 
Total wt 
Total wt solids wr Collection Reciprocal 40 
suspension filtered, filtrate time ' Cake W, Ae, WA \M_A 
filtered Ww, collected " thickness ’ Ib. solids Ib. solids hr. /Ib 
Ib Ib M, |b sec in sq.ft sq.ft sq.ft 


13.09 

16.91 4.05 47.5 0.00182 0.437 1.57 0.00162 
4.04 47.2 

20.55 4.04 54.4 0.00212 ‘a 0.417 0.00185 
4.01 56.5 

24.01 4.03 68.6 0.00269 134 0.396 0.00228 

27.46 1.45 4.06 787 3 0.00306 2.0 0.375 0.00264 

30.76 1.62 4.05 85.7 0.00335 2" 0.354 0.00271 

32.° 1.79 3.99 101.0 0.00400 2'2 0.333 0.00314 

36.98 1.95 4.01 115.3 0.00454 2% 0.312 0.00346 

39.85 2.10 4.16 134.2 0.00510 3.0 0.292 0.00379 

42.50 2.24 4.20 149.4 0.00560 3\ 0.271 0.00400 

44.90 2.37 4.18 156.5 0.00592 3‘ 16 0.255 0.00415 

47.0 2.48 4.16 169.1 0.00643 3% 0.249 0.00438 


2.48 
Total cake volume (0.541 0.249 )(0.166 0.121 cu.ft. Avg. p 0.121 20.5 |b 0.165 


2nN 2)(9.85)(1155)(62.3)(0.294 0.043 


Total \p 2g 144)(32.2 


76.7 Ib. sq.in 


40 1.25 


0.776 50.0 and y intercept 1.25 


r 
Plot of 1 Q gave straight line of slope 
f 


4n'N’hp 4)(30.9)(1155)(0.166)(62.3) (0.294 — 0.043 


slope 0.884)(0.000672)(124.6)(0.165 30.0 


An"N’hp 4)(30.9)(1155)(0.166)(62.3)°(0.541)(0.294 — 0.043 
nereaye 0.884)(0.000672 
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Fig. 3. Drainage-rate data for 
centrifugal filtration 
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Deposited from 50-g. ‘1! 
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Sizing Procedures for Centrifugal Filtration 


Page 431 


Chemical Engineering Progress 


Vol. 





a“ 
— , LB ORY SOLIDS /SO FT 
a 

















(LB. FILTRATE /SOQ. FT.) 





PROCAL RATE, 


C 


RE 

















* 
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1000 rev./ min 
1400 rev./min 
2040 rev./min 


Fig. 4 (above, left and right). 


SOLIDS /SQ. FT. 


3.2 |b R-110 Grade TiO», 116 g./1. distilled water 
9.3 Ib N 2030 rev./ min \p 76.0 |b. /sq.ir 
18.5 lb @ G-60 Darco, 50 g. |., 0.01 M Na,P.O 
36.2 Ib N 1415 rev./min \y 36.7 |b. sq.in 
77.2 \b BW .200 Solka-Floc, 42 g. |. distilled water 

N 1000 rev. min \y 18.5 |b. sq 


Correlation of constant-pressur2 
centrifugal-filtration data 


Standard Super-Cel 55 g. |. of distilled water 


centrifugal-filtration data 
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Fig. 6. Comparison of pressure and centrifugal-filtration data 
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.8 FORCE /L@ wass 


€ at BASKET WALL 


CENTRIFUGAL FOR 





so iw 


is 


MYORAULIC DRIVING FORCE DEVELOPED, 47 


TOTAL 








CENTRIFUGE SPEED, 


1,000 


Nw. REV ‘MIN 


13-in. diam. laboratory centrifugal filter 


r 6.5 in 


r 2.5, 4.5, and 5.5 in 
40-in. diam. plant centrifugal filter 


r 20 in 
r 14 


Fig. 7. 


16, and 18 in 


Sizing effect on hydraulic driving force in centrifugal 


filtration (operation conditions: r r.) 


tion time, @, Ib 
centrifuge speed, rev. ‘sec 
hydraulic pressure at a point in cake, 
Ib. / sq.ft. 
hydraulic pressure on discharge side of 
filter medium, Ib. / sq.ft 
hydraulic pressure on cake side of filter 
medium, |b./sq.ft 
hydraulic pressure at exposed surface 
of filter cake, Ib./sq.ft 
hydraulic-pressure component developed 
cake, 


field 


by liquid flowing through 
through action of 
Ib. /sq.ft 


total 


centrifugal 


mechanical compressive pressure 
developed in cake structure in direc 
tion of flow, tb. / sq.ft 
hydraulic-pressure component developed 
by liquid flowing through cake 
through a change in kinetic energy 
of liquid as flow through cake occurs 
Ib. / sq.ft 
mechanical compressive pressure devel 
oped in cake structure, in direction 
of flow, resulting only from weight of 
cake solids acted upon by centrifugal 
field, Ib./sq.ft 


total hydraulic-pressure drop across 


coke and filter medium in 


filtration, Ib 


pressure 


sq ft 
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hydraulic-pressure drop across cake in 
pressure filtration, lb. /sq.ft 


hydraulic-pressure drop across filter 
medium in pressure or centrifugel fil 
tration, Ib. ‘sq.ft 


total over-all hydraulic driving force 
causing flow through coke and filter 
medium in centrifugal filtration, Ib 
sq.ft 

over-all hydraulic driving force causing 
flow through cake in centrifugal fil 
tration, Ib. / sq.ft 


instantaneous rate of filtrate flow 
through cake cu.ft. / sec 

instantaneous weight rate of filtrate 
flow through cake, Ib./sec 

radius to any point within cake when 
filtering on a cylindrical surface, ft 

radius to cake side of the filter medium 
surface when filtering on a cylindrical 
surface, ft 

radius to exposed cake surface when 
filtering on a cylindrical surface, ft 

radius to exposed surface of feed sus 
pension or liquid when filtering in a 
perforate-bosket centrifuge, ft 

over-all resistance in pressure filtration 
1/ft 

over-all resistance in centrifugal filtra- 


tion, 1 ft 
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Engineering Progress 


filter-medium resistance, 1} ft 

superficial flow velocity through coke, 
ft. /sec 

total weight of solid porticles in coke, 


Ib 


average specific cake resistance of 


actual filter cake basis), 


ft./Ib 
specific cake resistance at any point in 


cake, ft./Ib 


weight 


average cake porosity or void fraction, 
dimensionless 

porosity, or void fraction, at any point 
in cake, dimensionless 

time of filtration, sec 

density of suspending liquid or filtrate, 
Ib. (cu.ft 

density of solid particles, lb. / cu.ft 

filtrate viscosity, Ib. /ft.sec 


angular velocity, radians /sec 
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Data for Special Case | r tl 
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MIXED-BED ION EXCHANGE 


A Symposium Covering Theory, Design of Production Units, 
and Production Results 


Joseph Thompson, Francis X. McGarvey, John F. Wantz, S. F. Alling, M. E Gilwood, and David R. Babb 


Part Il TYPICAL OPERATION 


Production Results Strong-acid strong-base Exchange Resin 


REGENERATION TECHNIQUES * 





TABLE 7.—EFFECT OF CATION LEAKAGE ON 
SILICA LEAKAGE FROM A MULTIPLE-BED SILICA 
REMOVING DEIONIZING SYSTEM 


Cation 


Silica leakage 


1RA-400 IRA-410 


77 0.01 0.04 

8.2 0.92 

8.6 0.02 

9.0 0.03 

9.4 0.04 

96 0.06 030 

9.8 0.10 038 

10.0 0.15 0.45 
10 10.3 0.20 0.65 
12 10.5 0.30 1.50 
16 10.7 0.40 high 
18 11.0 1.00 high 


* These values are obtainable with only ver 


large excesses of regenerant 





Weak-acid weak-base Exchange Resins 


Joseph Thompson and Francis X. McGarvey a 
aracter with Rohm & Haas Co Philadelphia, Pa Johr 
vaatene F. Wantz is with Illinois Water Treatment Co 

sieeoe Rockford, Ill.; $. F. Alling with Hungerford and 

Terry, Inc., Clayton, N. J.; M. E. Gilwood with 

*From “Theory of Monobed Exchange by The Permutit Co., New York; and David R. Babb 


Joseph Thompson and F. X. McGarvey with Elgin Softener Corp., Elgin, Ill Part | appeared in the July issue 
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Fig. 9. Performance of strong-acid strong-base 


resins in mixed-bed unit 


ion-exchange 
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10. Performance of strong-acid weak-base ion-exchange 


resins in mixed-bed unit 
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From “Engineering Results with Mixed-Bed 
Exchanger,” by S. F. Alling 
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DEMINERALIZING FOR HIGH-PRESSURE BOILER 
FEED WATER * 





TABLE 8.—TEST RESULTS 
p.p.m. as CaCO 


Influent Effluent 


Ca 14.0 
Mg 16.0 
Total hardness 30.0 
Na 27.0 
7.0 
20.0 


CO.\as CO 
SiO 0.02 
pH . 7.0 
Spec. resistance (ohms cm Over 
16,000,000 *From “Mixed-Bed Demineralizing of High 
Conductivity ohms 0.06 Pressure Boiler Feed Water by M. E. Gilwood 
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50 GPM 
| —~MIXED BED DEMINERALIZING 
2 —TWO-STEP DEMINERALIZING WITH INTERMEDIATE DEGASIFIER 


CJ— EQUIPMENT PRICE 
@B— YEARLY CHEMICAL COST 


THOUSANDS OF DOLLARS 























i 2 i 2 1 2 ! 2 
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ig. 12. Cost comparison between mixed bed and 2-step with degasifier 


300 GPM 


' MIXED BED DEMINERALIZING 
2 TWO-STEP DEMINERALIZING WITH INTERME 


or (pin) 


£3 — EQUIPMENT PRICE 
GB YEARLY CHEMICAL COST 


Influent water 


SSIs oy 


MO alkalinity 118 p.p.m CaCO 
Carbon dioxide 2 p.p.m co 
Silica 16 p.p.m SiO 
Chloride sulfate 14 p.o.m. as CaCO 


Anion regenerant: 6 lb. sodium hydroxide 


THOUSANDS OF DOLLARS 


cu.ft. applied as 5 solution at 110° F 
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Fig. 13. Cost comparison between mixed bed and 2-step with degosific 
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ind more ivorou tion condi 
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exchange 


mineralizit 4’ 


ratio at the anion exchang ison of mixed-bed— and two-step—demin lant erienct juired to deter 


ime water treated by } vO met] 11201 chemical iting i \ roitis ] DI uousty 


to produce 
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Heat Transfer in Packed Beds 


Prediction of Radial Rates in Gas-Solid Beds 


WwW. 8B Argo and J. M. Smith Purdue University, Lafayette, Indiana 


A method is proposed for predicting the effective thermal conductivity 
of a packed-bed heat exchanger or reactor by summing the con- 
tributions of each mechanism by which heat is transferred radially 
in the bed. Such thermal conductivities can be used to determine the 
temperature variation with radial position, which is of fundamental 
importance in the design of nonadiabatic catalytic reactors. 
The equation developed includes the effects of void space, temper- 
ature level, mass velocity, particle size, thermal conductivity of the 
solid packing, and physical properties of the gas upon the effective 
thermal conductivity. Comparison with experimental data indicates 
good agreement between predicted and measured results where the 
conductivity applies to the bed itself. Over-all effective thermal con- 
Experimental Investigations ductivities include the effect of a wall resistance, and, hence, are lower 


Beeat the difference in re than those applicable for computing temperature profiles within the bed. 


Effect of Radial Velocity Variations 


7 


W. B. Argo is now associated with Monsanto 


Chemica! Co., Anniston, Ala 
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Mechanisms of Radial Heat Transfer 


ibout 
d particle ire not 


under the gross radial 


Page 444 Chemical Engineering Progress August, 1953 








EDGE OF CYLINDRICAL 
PLANE 


AXIAL 
DIRECTION 
OF FLUIO 
FLOW 


| so. 


RADIAL DIRECTION 
OF HEAT FLOW 


i 


~ 
~ 


~ 2—s— OBSERVED GRADIENT 
FOR BED 


BED DEPTH 
CONSTANT 


ts 


SUGGESTED 
GRADIENT 


IN PARTICLE 


TEMPERATURE 











RADIAL ———> 








Op, *HEAT TRANSFER 
BY RADIATION 


Q. "HEAT TRANSFER 
BY CONVECTION 

FROM GAS STREAM 
TNL -. Op "HEAT TRANSFER 
Oe BY CONDUCTION 
THROUGH POINT 
CONTACTS AND 
STAGNANT GAS 











FLUID PHASE CONDUCTION 


TURBULENT DIFFUSION 


Chemical 


Engineering Progress 


RAI 


IATION CONTRIBUTION 








tion to k, was of the order of 10-15% related to dz as follows: mo- is the cros ional area of 


Hence, an approximate equation such ; he solid at this point, and since dt/da 
kquation (6) i utistactory for esti- 4g : ” is the radial temperature gradient 


mating k’, for most practical cases of the fluid phase, Equation (10 


heat transter or reaction in packed bed : ; written, 
where r is the radius of the sphere 


Sesies Moedhantem Elimination of t, from Equation (7 ( 
nd integration te obtain the total heat i 


’ . ’ : ' ; : . . a 
[he mathematical problems encoun w through the central plane of the heat trans 


tered in evaluating the series mechanist rticle yield based upon the temperature grad 


\ 
in an actual packed bed with its nor ient of the 


uniform arrangement of solid particle 


since q, 


have been mentioned. In order to ob 
normal plane 


nonvoid 


tain a useful solution to the problem ol 
radial heat transfer tl rough the pellet surface, 


the following a umptions will be made 


1. A constant temperature gradient exists in 
the fluid phase for a radial distance of one 
pellet diameter. 

A constant temperature gradient exists in the 
solid particle. 


Heat flow in the particle is radial in direc- 





tion, with respect to reactor. 


The mean temperature of the particle is 





equal to the temperature of surrounding 





fluid at the center line of the particle. 


An average heat-transfer coefficient may be 





considered applicable to the entire surface 


of the particle 





Assumption (3) permit the heat 
transfer in the particle to be summed 








over elements normal to the directior 
of flow One half of uch a pherical 





PECLET NUMBER 


particle with the normal element ts illus 
trated in the lower half of Figure 2. An 


energy balance on the element leads t 





the « xpression 


t Se 
dq’ ki(2n d ) ( ) 
t 


h2we(t, t,, ds (7) 





MODIFIED 











rate of heat flow through the 






























































element 
100 


molecular thermal conductivity MODIFIED RE 8 
NUMBER 


of solid particle 
coordinat iormal to heat flow 
ow" " ee e Fig. 3. Mass transfer data of Bernard and Wilhelm (3 
(parallel to axis ot bed) . 
coordinate m direction of heat 


flow 


per ure ; he « ‘ nk ‘ E ee — 
mperature at the center plan o — EXPERIMENTAL DATA, SCHULER, ET AL(I9) 


of the particle temperature 
of fluid phase at the same SOLID CURVE BASED UPON EQ, (22) 


° 
rs 


radial position 


—= . 
mperature © urtace I 


particle at a distance a 


° 
w 


temperature 





fluid listance a 

element urtace through 
which | is transferred to 
the ga tream or to. other 








k= Btu/ hr(fth°F) 


particles 

total heat-transter coethcrent 
from the surface of the particle 
to the fluid or to other pat 
ticles 





MASS VELOCITY — G, LBS/HR (SQ.FT) 


for heat transfer to the gas stream may Fig. 4. Effective thermal conductivities, 's-in. cylinders 


The element of surtace area available 
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Table 1.—Estimated Effective Thermal Conductivities (Eq. (4)) 


B.t.u hr 


Mean bed temperat 
k radiation conductivity 


point contact cond 


turbulent diffusion contribution (Eq. (5 
Eq. (4 

neglecting radiation 

et al 19 


perimental (Schuler 


Reynolds 


number 


ft F 


Case | 


147 Ib 





Comparison with Experimental Data 


a. Schuler, et al 19 


On 


measurements Schuler 


the basis of experimental temperature 
determined effective ther 
‘e-in gin. and ‘4-in 


2-in. 1D. pipe 
These k, 


mal conductivities for 


cylindrical pellets pocked in oa 


through which air was flowing values 


were computed by taking into account radial 


variations in both mass velocity and k, itself, 


Page 448 


and, as such, are 


5, and 6 


point conductivities. Figures 4 
w a comparison of the experimental 
the values (solid curves 


Schuler 


data and predicted 
Equation (4 As 


the 


2a $e C upon omnrec 
t i uf k ted 


out these charts show that variation in k 


with radial position is taken into account, at 


least in part, by the radial mass 


The 


changes in 


velocity scatter of the points 


experimental limitations and also to the re 


not correlated 


This 


sidual influence of radial position 


by the variation in mass velocity residual 


effect is probably explainable in terms of varia 


tions in void fraction with radial position, par 


ticularly near the wall of the pipe 


The agreement between the predicted curve 


and the data is considered to be good in view 


of the fact that Equation (4) requires for its 


opplication no radial heaet-transfer data WW is 


to be noted that the theory predicts the effect 


of particle size on the effective thermal conduc 
Figure 7 combines the results of Figures 


d,Ge, k 


Reynolds 


tivity 
4. 5. 6 in the form of Peclet numbers 


for heat transfer plotted vs. modified 


number The experimental points show are 


average values for all racial positions 


b. Felix and Neill (8), Coberly and Marshall (5 


The only other experimental data for effective 
wall 


hall 


thermal conductivities that do not include a 
those of Mars 


These 


resistance are Coberly and 


ond Felix and Neill investigations were 
well 
both 

100 


and 


made in the same apparatus and agree 


with the 
yield k 
higher 


Bunnell 


each other However results of 
about 
Schuler 
and predicted by the theoretical meth 
Table 2 


Marshall's 


values which average 


than those obtained by 


ods described in this paper gives a 


comparison of some of Coberly and 


results and those computed from Equation (23 


The average temperature 160° F was suffi 


ciently low that radiation could be neglected s 


that a contribution for k . was not employed 


It is possible to analyze this discrepancy by 


comparison with the mass-transfer data of 


Bernard and Wilhelm The 


n the foll wing way 


experimental k values for each investigation 


can be reduced by the contributions due to 


radiation, molecular conduction, and the series 


with Equation 4 
This yields a value of k and hence Pe 


with Bernard 


mechanism in accordance 


which 


may be compared and Withelm’'s 


experimental values. Results are shown in 


Fig 


vre 8 for particle sizes as nearly the same as 


the data permit. The subtraction of two numbers 
to obtain a smaller k 
and 


However, it is 


and Marshall 


is not a precise procedure 


the points shown on the figure scatter 


clear that the results of Coberly 


are not in agreement with those 


of Bernard and Wilhelm 


Felix 


As a result of omission 


of the void fraction and Neiil predicted 





Table 2.—Comparison of Predicted k Values (Eq. (22)) and 


Experimental Results of Coberly and Marshall (5) 


sq.ft Re 
in. Celite cylinders 


446 

79.0 
121 
191 


Celite cylinders 


89.2 
158 
242 
382 
512 
619 


Celite cy linders 


401 
633 
848 
1026 


750 
1005 
1215 


Average temperature 160° F 
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Peclet numbers based on experimental k values 


Fig 9 
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SINGER AND WILHELM DATA FOR OVERALL CONDUCTIVITIES, Ke, (21) 


* SOCONY BEAD CATALYST(LOW k) d, = 0.0895" 
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agreement of their results with those of Bernard 
and Wilhelm 


data is corrected using a void space of 0.40, it 


However, if the equation for their 


becomes 


G,u 
dD, 


46 
which is Bernard 
Wilhelm’s data, as indicated in Figure 8. It is 


that the high 


considerably less than ond 


possible velocity thermocouple 


assembly used in the apparatus may have caused 
turbulence, thus 


excessive mixing and yielding 


low values of the Peclet number 


c. Effect of Pellet Conductivity 


Felix and Neill investigated the effect of ther 


mal conductivity of the solid pellet k, and cor 


related the data by the following equation 


25 


Although ‘here is some doubt concerning the 


absolute magnitude of their effective thermal 


conductivities, it should be possible to use Equa 
tion (25) to compare the approximate effect of 
k, on k, with thot predicted by the equations 
volues 


proposed in this paper. Figure 9 shows k 


plotted vs. k, for '‘s-in. cylindrical pellets 
through which air is flowing at a mass velocity 
of 493 Ib. (hr 
dicted from Equation (23 
of 0.40 


puted from the Felix 


sq.ft The solid line is that pre 
using a void fraction 
while the 


points values com 


and Neill 


represent 
correlation. In 
was chosen equal to the 


B.t.u. (hr.) ft F 


using Equation (25), k 


predicted value at k 0.1 


d. Comparison with Over-all Effective Thermal 


Conductivities 


While the over-all effective thermal conductiv 


ity k.. is not equivalent to the k. predicted by 


Equation 23 it ts interesting to compare the 


two types of conductivities. Values of the Peclet 


number (P d.c,G k are shown as points 


on Figure 10 for Socony bead catalyst and for 
lead 
Singer and Wilhelm 


spheres determined experimentally by 
The over-all Peclet numbers 
for the low-conductivity Socony bead catalyst are 
in general higher thar the predicted conductivi 
ties for the bed. This is expected since the wall 
reduces k 


19 B.t.u. (hr) (ft F 


resistance For the high-conductivity 


porticles, k the over- 
all values are about the same as the predicted re 
Since the wall resistance primarily affects 


kin and snce k 


sults 
is relatively large for high 
should 


and k be more 


will be 


conductivity solids, k 


nearly identical. It noted that the 


dicted k 


pre 


curves and the experimental k._ results 


are for approximately the same size particles 


For large values of d,, the Peclet numbers based 


upon k would increase because 


creased importance of the wall resistance 


Conclusions 


Vol. 49, No. 8 


accou?l 
transter trom I 


by conduction, 


Notation 


heat-transfer area in radial direction 


specific heat at constan’ pressure 


equivalent pellet diameter 
effective diffusivity of ges in packed 
bed, based 


upon void plus non 


void area 


superficial mass velocity of gas 


through packed bed 


over-all heat-transfer coefficient be 


tween gas and solid particle in 


packed bed 


convection heat-transfer coefficient be 


tween gos and particle 


eavivalent heat-transfer coefficient f 


contact conductivity between solid 


particles 


equivalent heat-transfer coefficient fc 


radiation to solid particle 


eflective thermal conductivity in bed 


over-all effective thermal conductivity 


for heat transfer from bed to 
wall of pipe 

true thermal conductivity of gos based 
upon void area. If k. is based upon 
void plus nonvoid area, k k 

point-to-point contact conductivity of 
particles in bed 

equivalent radiation conductivity 

true thermal conductivity of solid por 
ticle material 

conductivity of series mechanism based 
upon nonvoid areo 

1 k where k 

is based upon void and nonvoid area 

conductivity in gos due to turbulent 
diffusion: k Ok 

Peclet 


heat transfer ir 


d, Ge 


number for 


pocked bed Pe 


Over-all Pe 


Peclet mass transfer 


d,Ge 


number for 


dwu 
Pe 
D Ak 
Prandtl 


number for gas, c,u. k 


heat-transfer rate per unit area, q 
to heat transfer 


and q refer 


through void and nonvoid areas 


Chemica! 


Engineering Progress 


Reynolds number, d,G 

radial distance from center of pipe 

radius of particle (used os a subscript 
r denotes radiation heat transfer 

mean temperature of bed - 

temperature F 

velocity of 


superficial gas 


Greek Letters 


emissivity of solid particles 
void fraction 
viscosity of gas 


density of gas 
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CHLORINATED 


PLASTICS EQUIPMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and ROBERT H. STEINER 


The Atlas Mineral Products Co., Mertztown, Pa. 


RUBBER COATINGS: 
Protective coatings and primers based 
on solutions of chlorinated rubber to 
gether with appropriate plasticizers, 
pigments, stabilizers and other com 
pounding ingre dients 


APPLICATION AND REMARKS: Chlori- 


nated rubber serves as a base for a 
wide variety of commercial protec- 
tive coatings. Any conventional meth 
od of application, such as brushing, 
spraying or roll coating may be used 
on properly prepared metallic or ma 
sonry surfaces. Excellent adhesion 
can be ob- 
tained without 
the use of 
primers but 
sp cially for 
mulated 
primers con- 
taining inhib 
iting pigments 
such as red 


chromate must be used where the 
coating is to be exposed to highly 
corrosive atmospheres such as acid 
fumes or salt spray. Good outdoor 
weathering resistances are obtained 
through the use of properly stabilized 
chlorinated rubber coatings. A mini- 
mum of three coats is recommended 
for protection against fumes, vapors, 
and occasional splash and spillage of 
corrosive materials. Thin organic coat- 
ings are not recommended for con- 
tinuous immersion in corrosive media 
but may be used to prevent contami- 
nation of noncorrosive liquids 


A TYPICAL CHLORINATED RUBBER COATING 
MECHANICAL AND PHYSICAL PROPERTIES 


CHEMICAL COMPOSITION: Chlorinated 


rubber is manufactured by reacting 
chlorine with natural rubber in or- 
ganic solutions to form a_ product 
containing about 67 
has lost all its original elasticity. Be- 
cause of the wide variation possible 
in the compounding of chlorinated 
rubber coatings, it is important that 
only coatings, formulated  specifi- 


chlorine which 


cally for corrosion resistance, be 


used 


TEMPERATURE LIMITATIONS: Because 


of the inherent instability of chlori- 
nated rubber 
at higher tem- 
peratures, 
coatings 
based on this 
material are 
not recom- 
mended for 
continuous 
service above 


lead or zinc 


125° F. 


CORROSION RESISTANCE 
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ACID SALTS 


PAPER-MILL APPLICATIONS 
Kraft ' 


ALKALINE SALTS 
Ba ! sulf 
2) ! 


; PHOTOGRAPHIC INDUSTRY 
ri ur ph ) € 


< 


NEUTRAL SALTS Geese tone 


FERTILIZER INDUSTRY 


STEEL INDUSTRY 


I 


i 


TEXTILE INDUSTRY 
\. al ‘ 
! it 


IRGANIC MATERIALS 


4 


FOOD INDUSTRY 
\ 
I 


va 


MISCELLANEOUS INDUSTRIES 


in some instances 11 Hot { 
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A ponoramic view of the city with famous Market Street running down to the Ferry Building. On the 
right the San Francisco-Ockland Bay Bridge, Yerbo Buena Island and the ‘ ampanile Tower on the 
University of California campus across the Bay in Berkeley On the left. the financial center 
and Treasure Island 


Let’s Go To San Francisco 


Chemical Industry of the Area 


CEMENT 
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This article was prepored by F. G. Sowyer 


San Francisco's colorful California Street cable car ascending steep Nob Hill 
W. @. Hull, and Elliot Schrier 


In the background 
San Francisco-Ockland Bridge 
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SEE ACCOUNT OF PLANT TRIPS ON PAGE 62 
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Fisherman's Wharf has all the color and charm 


of a Mediterranean town 
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tinuous production and \ rt i ( country’s largest 
tne Leshe ln Ce lag i umet In 1926 hi 


ISOS seventeen compani with a artifice eT \ first pro 


capacity of 17,000 tons a vear lined { ite’s Porterville 
the southeastern shore of the Bay By 
IS80 the needs of the Comstock Lode 
had pushed production past 30,000 ton 
i vear, In 1910, the first vacuum-refin 
ing unit was installed by Leshe Salt 
Refining (« The later history of the General chairman G. C. Gester 


industry is largely one of consolidation Vice-chairman R. |. Stirton 


COMMITTEE CHAIRMEN 


ind mechanization Entertainment J. Samaniego 
Finances E. Chiswell 

MAGNESIA Hotel and Meeting Rooms R. |. Stirton 
Development of another industry pe Ladies R. Lundeen 
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Richmond refinery, Standard Oil Company of California—largest in the West 
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GUIDES TO GASHOLDER PLANNING 





“Will our gasholder be efficient? Safe? And ... 


How much does 
maintenance cost?”’ 


Recently one of our engineers asked 
the chief engineer of a large cor- 
poration, “What are maintenance 
costs on your Wiggins gasholders?” 

“Maintenance — what mainte- 
nance?’ was the answer. “Since 
they were installed a year ago, no 
one’s had to look at our Wiggins 
gasholders! What used to be 
maintenance expense now goes 
into profit!” 

Wiggins’ engineers get the same 
answer at practically every instal- 
lation they visit: no operating costs, 
little or no maintenance costs. 

Reason: the Wiggins’ patented 
dry seal is permanent, imperme- 


able and weathe rprool .. flexible, 





yet strong as steel. No need for 


constant checking on toxic or ex- 








plosive gas a¢ cumulations. No anti- 
lreeze or evaporation worries as 


with liquid seals. No complex rig- 





ging to corrode or get out of order. 
For complete facts, write General 


American. 


“ 


‘cenerat7 GENERAL AMERICAN TRANSPORTATION CORPORATION 


UY 135 South LaSalle Street * Chicago90. IIlinois * Offices in Principal Cities 





A bottery of eight miniature stills and a larger still has been installed in Standard Oil's Whiting 


Iind., research laborotories for use in exact fractional distillation. The battery uses three types of 
srchangeable distilling columns. One, the spinning-band column, has been improved by use of 
nagne drive e band inside the glass column is turned by an outside electric motor that 

has no physical connection with the band, and thus leakage at the packing glands under reduced 

pressure has been eliminated. The larger still employs a l-in.-diam. packed column 16 ft. high 
which has a separation efficiency equivalent to more than 300 theoretical plates. The design of th 
still heads permits fractions as smoll as 0.02 oz. to be taken off without danger of their being 


mixed, according to Stondard’s research department which uses the stills also in refinery design 


TECHNICAL, SCIENTIFIC ENGINEERING GRADUATES 
REGISTERS PLANNED RECEIVE HIGHER PAY 


TITANIUM PLANT IN 
GEORGIA FOR CALCO 


MONTANA BEGINS 
PH.D. PROGRAM 


—te-4 = 


A new ammonia plant for Shell Chemical Co., at Ventura, Calif.. scheduled for completion this 
summer. Constructed by The M. W. Kellogg Co., the plant will include a synthesis gas reformer 
which operates at higher than customary pressures and reduces the compressor load required in the 
later ammonia-synthesis stage. Design capacity is over 150 tons of anhydrous ammonia daily 
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FROM HYDROCARBON FEED 


TOP ee eee eee eee eee eee eee ee ee ee ee ee 


| 














With heavy demands for the hundreds of 
petrochemical end products that may 

be synthesized from acetylene, the need for 
low-cost acetylene as a raw material ts 
becoming urgent. The Wulff Process now answers 
this need with a high purity acetylene at 

the lowest cost ever offered by any process. Any 
petroleum hydrocarbon conveniently 
vaporizable can be used as a feed stock 


Recent operations of the Wulff Process have proved it to be 
technically sound and commercially attractive. If your plant ts 
convenient to a source of natural gas, ethane, propane, etc 

it will pay you to investigate the possibilities of manufacturing 
acetylene economically by the Wulff Process 
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The Wulff Proce 

design, enginecring 
industries. For informat 
for Bulletin EC-PA-0.002 


BE SURE WITH 


THE FLUOR CORPORATION. LTO 


S ANGELES 22 CAé FORNIA 


Vol. 49, No. 8 Chemical 


PROCESS FLOW DIAGRAM 


This design flow scheme represents a typicol Wulff 
Process plant for producing low-cost acetylene at 
997 volume percent purity from natural gas or pro 
pone. Two basic steps are involved: cracking of 
hydrocarbons to produce acetylene in o mixture of 
gases, and recovery and purification of the dilute 
product contained in the cracked mixture. Feed hydro 
carbon is cracked in regenerative type furnaces 
heated by air-combustion of off-gas from the recovery 
section. No oxygen plont is required. The recovery 
and purification section is of conventional design 
operating at moderate temperatures ond pressures 
Only a single inexpensive readily-ovailable solvent 
need be used. Operation is continuous and virtually 
oviomotic, requiring a minimum of operating per 
sonnel. Power demands are moderate, maintenance 
costs are low, hozords are negligible and there is 
practically no waste disposal problem 
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you meter or proportion NEWS: 


( ¢ ntinued fro 


small volume flows... NEW PROCESS 
FOR SULFURIC ACID 


THERE Is 
A HILLS-McCANNA 
'U” TYPE pump 
TO DO THE jog 


STANDARD 
1, 2, 3 or 4 FEED 
UNITS 


Standard “U" Pumps are 
available in maximum ca- 
pacities from 0.10 to 24.0 
gal. per hr. per feed. Oper- 
ating pressures from 125 
to 5000 psi. “Re a 

the burner gase 
from the dust chamber to 
tower and then through the 
partments o! the reaction tow 


JACKETED are vet ted to the atmo pl ere 


small filtes absorptior tower ; 
UNITS of the plant rhe passage Ol g 
For handling materials reaction towers is controlled t 
that require heat or re- possible to vary the compositior 
frigeration, “U" Pumps liquid in the different towers 
can be supplied with tral valve 
either or both jacketed 
liquid ends and check 
valves. 


may also be manipulated to 
change from seriés to parallel operation 
in the reactors 

In order to bring the reactants into 
intimate contact, nitrous acid is circu 
lated over the reaction towers, the heat 


of reaction being removed by cooling « 


VARIABLE the circulating acid in coolet Corree 
SPEED UNITS nitrosity is maintained by introducing 


nitric acid or gaseous products ¢ 


“U" Pumps can be fur- 
nished with a variable 
speed drive which per- 
mits varying capacity re- 
motely or automatically volume of the circulating acid, and tl 

when combined with the surplus is bled off to the denitratior 
proper auxiliary equip- tower. All acid going to the denitrator 
ment. represents the surplus resulting from 


monia oxidation and water to the 
tem. The sulfuric acid so formed in 


reaction tower results im an increase 


volumetric expansion when the acid 1 


formed 


Write for Catalog: sue Guel precurs 


iproximate 18% St) 
Catalog UP-52R gives full data on all sizes and = aig gi — 
types of Hills-McCanna “U” Type Pumps. Write ceietiiees . 

ren rome for a copy, today. Hills-McCanna Co., 2438 W. centration tower, as requirements d 
Nelson St., Chicago 18, IIl. mand. ‘Traces of acid and small quas 


ties of nitrogen oxides m 


svstem 


cooling is pumped to stock or to 


culate d 


metering and proportioning pumps | quantities, 


it i col 
Also Manufacturers of 


SAUNDERS TYPE DIAPHRAGM VALVES | bleeding 
FORCE FEED LUBRICATORS * MAGNESIUM ALLOY SAND CASTINGS 
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Eimeo Pilot Filter Stations Give Aoeeunate Data 


The machine pictured above is another example of 
Eimco custom filter design and construction. The filter 
is installed in one of the country’s large pharmaceuti- 
cal plants producing antibiotics and the construction 
incorporates Eimco’s popular package unit design. 

The filter unit is a 4 foot diameter by 2 foot face 
size — of all type 316 stainless steel materials with 
multiple cake washing apparatus, vapor tight hood, 
roller discharge and other features. The filter with all 
of its accessories is mounted on a single platform with 


all piping and valves connected, all electrical wiring 


from motors to a central control panel. The unit 
arrives at the user's plant ready to run. 

When your problem involves filtration consult an 
Eimco engineer first. Our more than half a century 
of service to the process industries gives us the neces- 
sary background to specify and build the proper 
equipment to do the best job for you at least expense. 

Eimco manufactures all types of filtration equip- 
ment — our purpose is to suit the best type to your 
needs whether it be pressure, vacuum, gravity or any 


combination of these types. 


iP.i mil isemse) ite) Fale), | 


The Werlds Leading Menutecturer of Vecuum Filtration Equipment 
EXECUTIVE OFFICES AND FACTORIES SALT LAKE CITY 10. VTAM UW 6 A 


BRANCH SALES AND SERVICE OFFICES 
NEW YOS@K 5!.52 SOUTH STREET CHICAGO. 3319 SOUTH WALLACE STREET 
BIRMINGHAM ALA 3140 FAYETTE AVE + DULUTH MINN 216 6 SUPEMO® ST 
fi PASO, TEXAS. MALS BUNLDING BERKELEY. CAL 637 CEDAR STREET 
KELLOGG, IDAHO. 307 DIVISION ST) + LONDON W | ENGLAND. 190 PICCADHIY 


IN FRANCE SOCHTE HCO PARIS, FRANCE 
IN ENGLAND EIMCO (GREAT BRITAIN) LTD. LEEDS 12. ENGLAND 
WW ITALY EMCO ITALIA SPA MAAN ITALY 





SULFURIC ACID REPORT MATHOLIN FORMED FOR HYDRAZINE PRODUCTION 


Plant 


Matholin Corp. hydrazine plant at Lake Charles 


Process Data 


NATIONAL CYLINDER GAS 
ACQUIRES GIRDLER CORP. 


(jas ( 


Ir 

Pennsylvania For 
Philadelphia, both of 
as epal ite comp 


t 
» Operat 
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YOU CAN PUMP IN CONTROLLED VOLUME 


HYDROCHLORIC ACID... at CONCENTRATIONS 
CHLORINATED HYDROCARBONS 
CORROSIVE METALLIC SALT SOLUTIONS 
DILUTE ACIDS 
MIXED ACIDS 


m" PULSAFEEDER 





Solid Lapp Chemical Porcelain, 
combined with parts of alumina 


ceramic, teflon and Kel-F plastics, 





is used for the liquid end of this 


model of Lapp Pulsafeeder. All 





parts which can come in contact 





with liquid being pumped are non- 
metallic, chemically inert. Thus, 


positive-displacement metered 





pumping of ‘“hard-to-handle”’ cor- 
rosive chemicals is made certain 


and permanently trouble-free. 


with typical applications, flow charts, 
description and specifications of models 


of various capacities and constructions 


NOTHING ELSE LIKE ir! Inquiry Data Sheet included from which 


Lapp Pulsafeeder is the combination piston-dia- we can make specific engineering recom 
phragm pump for controlled-volume pumping of mendation for your processing require 
fluids. Reciprocating piston action provides positive ment. Write Lapp Insulator Co., Inc., 
displacement. But the putea prewe only an hydrau- Process Equipment Division, 141 Wilson 
lic medium, working against a diaphragm. A float- Sereet, Le Roy, New York 

ing, balanced partition, the diaphragm isolates 
chemical being pumped from working pump parts 
—eliminates need for stuffing box or running seal. 
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This NEW METHOD 
DRIES AIR 


PRECISELY as you want it 


— to control your product's quality 


to prevent condensation on your product or material 


to prevent changes due to moist air in contact with your product 


to protect your material from dampness 


to protect your processing of moisture-sensitive material 


to DRY your material or product 


to pack or store your product safe from moisture damage 


to get exact moisture control for the precise atmosphere 


condition you need 


p to provide precise atmospheric conditions for testing 


p to increase your air conditioning Capacity 


p> to DRY large quantities of fresh air from outdoors 


The Niagara’s Controlled Humidity Method using 
HYGROL moisture-absorbent liquid is 


. it re- 
moves moisture as a separate function 


Best and most effective because . . 


from cooling or heating and so gives a 
precise result constantly and always. 
Niagara machines using liquid contact 
means of drying air have given over 20 
years of service. 


Most reliable because ... the absorbent 
is continuously reconcentrated automat- 
ically. No moisture-sensitive instruments 
are required to control your conditions. 
Most flexible because ... you can obtain 
any condition at will and hold it as long 
as you wish in either continuous produc- 
tion, testing or storage. 

Easiest to take care of because . . . the 
apparatus is simple, parts are accessible, 
controls are trustworthy. 


Most compact, taking less space for in- 
stallation. 


Inexpensive to operate because ... no 
re-heat is needed to obtain the relative 
humidity you wish in normal tempera- 
ture ranges and frequently no refrigera- 
tion is used to remove moisture. 


The cleanest because .. . no solids, salts 
or solutions of solids are used and there 
are no corrosive or reactive substances. 


Niagara Controlled Humidity 

Air Conditioning 
This method removes moisture from air 
by contact with a liquid in a small spray 
chamber. The liquid spray contact tem- 
perature and the absorbent concentra- 
tion, factors that are easily and positively 
controlled, determine exactly the amount 
of moisture remaining in the leaving air. 
Heating or cooling is done as a separate 
funcuon, 


For complete information write 


NIAGARA BLOWER COMPANY 


Dept. 


EP, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of United States and Canada 
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MARGINAL NOTES 


A Condensation of Much 
Experience 


Volumetric and Phase Behavior of Oil 
Field Hydrocarbon Systems. M. B. 
Standing, Reinhold Publishing Corp., 
New York (1952), 123 pp. (69 figures, 
35 tables), $10.00. 


Reviewed by K. H. Hachmuth, Re 
search Planning Board, Phillips Petro- 
Okla. 


leum Co., Bartlesville, 


This book is 
technologists and as such is highly spe- 
cialized and not likely to interest many 
outside the fields of petroleum produc 


aimed directly at oil field 


tion and petroleum reservoir engineer- 
other fields 
adding it t neir 
although the book well 
worth leafing through for the ideas and 


ing. Few engineers in would 
be justified 


nent 


perma 


library 


suggestions that may 


speci il problen s 


help on their own 


For engineers 
and for those already engaged in petré 


leum production, the book is exc 


It condenses in one volume the 
ground nad special kn Wi 
ior a ¢ ipable app! 


of oil productior 


olution 
iffected 
by volumetric and phase behavior of 


problem 


hydrocarbons Others « xperiet ced in 
this field may not with 
Dr. Standing’s approach but they must 
admit he proceeds directly to the point 
without including a 


always agree 


miscellany of con- 
fusing alternatives or conjectures. The 
book 
ground for its length. 
The first 
the scientific 


second cl 


covers a remarkable amount of 


chapter concisely reviews 
concepts involved. The 
iapter describes sampling meth- 
ods and apparatus, discusses precautions 
to be tells how to check 
validity of samples. This chapter alone 
can 


observed and 


save the beginning engineer mis 


takes that he would avoid at almost any 
The next three chapters discuss 
the behavior ol gases, of liquids and 
vapor-liquid equilibria with specific at 
tention to oil field hydrocarbon systems 
The two types of petroleum reservoir 
systems producing liquid hydrocarbons, 
the gas-condensate and the dissolved gas 
systems, are 
chapters. 


cost. 


discussed in the next two 
The final chapter, fittingly 
general principles involved 

The tvpe used and the large pages, 
814 by 11 in., make the book easy 
ing. Its charts, 


covers the 


re id- 


many including three 
folded charts, give data of special utility 
in solving oil production problems in- 
volving volumetric and phase behav 

The use of these 


charts is illustrated by 


an ample number of example problems 


(Continued on 
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Electrolytic Aids To 
THE PLASTICS INDUSTRY 


Chlorine and caustic soda, products of the electrolytic industry, are 
important in the behind-the-scenes steps essential to the production 
of many plastic materials. 


Uniformly high quality GLC Graphite Anodes are doing their share to 
help the electrolytic industry meet the ever increasing civilian and 
defense demands for chlorine and caustic soda. 


ELECTRODE DIVISION 


Great Lakes Carbon Corporation 


= rn. A Ww RA RY 
Niagara falls, N. 1 Cre Morganton, N. C. 
e 


Graphite Anodes, Electrodes and Specialties 


Sales office: Niagara Falls, N. Y Other offices: New York, N 


wait 





MARGINAL NOTES 


mprtinny JR 





Statistics and the Cuckoo 


The Methods of Statistics, 4th ed., 
L. H. C. Tippett, John Wiley & Sons, 
New York (1952), 395 pp. $6.00 


WITH STANDARD-HERSEY 


ROTARY DRYERS 


More than 30 types of STANDARD-HERSEY 
DRYERS are available in all commercial 
sizes for every process industry need 


Here is a case where Standard-Hersey advanced engi- 
neering has made teamwork pay dividends in stepping 
up production of artificially colored roof granules. 

With the previous system, consisting of dryer, kiln 
and cooler, in series, it was found that production was 
being limited by dryer capacity. 

Addition of the Standard-Hersey pre-heater, shown 
above, rounded out the team. It works like a double 
header locomotive in sharing the dryer load and thereby 
cutting drying stage time. Urgent production schedules 
are being met at much lower cost than the outlay for a 
second complete 3-unit plant. 


SEND FOR NEW DRYER BULLETIN 


Complete illustrated brochure describ- 4 
ing advantages and features of Standard- = Staw ip 
. , ; ’ ” 

Hersey Dryers, Kilns, Coolers and Calci- - f sty 
: OR ERs 

ners; tells operation of Standard-Hersey 

“pilot” dryer for pre-testing your prod- 

uct. Write for Dryer Bulletin No. 531. 


aa , 
ELLELLI DP) MBRSEY 


Dryers @F ; _ a= 
STANDARD STEEL CORPORATIO 


5055 Boyle Ave., los Angeles 58 * 7 East 42nd St., New York 55 
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FILTRATION controls water purity— 


tin off wells —output 1s boosted by repress 
ing wells with water to force out accumulated 
oul, Celite Filtration purifies water to the ex 
treme degree required—removes the minute 
suspended impurities which would otherwise 


clog the microscopic pores of sandstone 


In paper plants—Ceclite Filtration is used to 
purify the large quantities of water used in 
paper formation. Waste water may be filtered 
for reuse by the same process. Celite filter 
cakes can withstand many times the pressure 
of an ordinary filter bed. No pH control is 
necessary with Celite. *T.M.! Pat. Of 


Vol. 49, No. 8 


removes all suspended solids 


CrLITE* FILTRATION provides the 
right degree of purity that you require 
for industrial process water. Itremoves 
sediment whichmay causecostly down- 
time or damage to expensive plant 
equipment. And if your application 
requires greater purity, Celite removes 
even such fine suspended solids as 
amoebae and algae, many of which 
cannot be filtered out by other methods. 
Moreover, fast, economical rates of 
flow can be maintained with Celite 
Filtration 

This selectivity in degree of water 
purity is made possible because Celite 
comes in nine standard grades...each 
designed to filter out impurities ot 
specific size and type. Carefully proc 
essed from the purest deposits of 
diatomaceous earth, Celite always has 


utmost uniformity of product W hen- 


Johns-Manville CELITE 
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ever you reorder, vou are assured of 


the same accurately graded powder 


Celite Filtration offers many other 
advantages, too. Important space say 
ings are achieved in the installation, 
longer filtration cycles are obtained, 
and less backwash water is required tor 
cleaning the filters than with ordinary 
systems 

Celite Filtration provides pure proc 
ess water for boiler make up, heat ex 
changers, circulating water for towers 

and many other industrial uses. It 
will pay you to investigate the advan 
tages of Celite for your particular appli 
cation. To have a Celite ¢ nyinecr study 
your problem and offer recommenda 
tions, simply write Johns , 
Manville, Box60,New York iwi 
16,N.Y. In Canada, 199 Bay JV 


Street, Toronto 1, Ontario 


FILTER 
AIDS 
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BB arnstead 


Mixed Bed Demineralizers 
10 TO 2500 GALLONS OR MORE PER HOUR 


In 3 years of operation 
this 500 gallon per hour 
Barnstead Demineralizer 
has produced over four 
million gallons of high 
purity demineralized 
water with a minimum 
of maintenance or at 


tention 


The sturdy construction and simplified design, plus the 
new and improved regeneration system make the 
Barnstead Mixed Bed Demineralizers outstanding in 
performance 

Easy to operate easy to regenerate they produce 
ion-free water at very low cost, and with a Barnstead 
Mixed you get more gallons between regenerations 
Each unit is complete with regenerant tanks, flow meter, 
pressure gage, purity indicator, and simplified regenera 
tion. Steel columns are lined with heavy sheet rubber 


a -“wunsene 
WRITE TODAY FOR NEW Barnswad — 


BULLETIN #126 


ON 
MIXED BED DEMINERALIZERS 


Ask for Barnstead Pure Water Recommendations — Without Charge 


Our engineers will gladly submit recommendations, 
specifications, operating-cost figures, and performance 
data. Since Barnstead builds Mixed-Bed Units, Two. and 
Four-Bed Demineralizers, and a complete line of Distilled 
Water Equipment, you are assured of unbiased advice 


82 Forest Hills, 
Lanesville Boston 31, 
Terrace 


STULL & STERILIZER CO. 





CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated grades of 


membership in A.I.Ch.E. recommended f 


on Admissions 
These names are listed a 
of the Constitution of A.I.Ch.E 


r election by the Committee 


cordance with Article Ill, Sect 


Objections to the election of any of these candidates from tive 


Members will receive careful 


consideration if received before 


Septemoer 15, 1953, at the Office of the Secretary, A.I.Ch.£ 120 East 


41st, New York 17 


Applicants for Active 
Membership 


Ackerman, Carl D., Pittsburgh, Pa 

Baird, William George, Jr., Lock 
port, N. Y 

Benson, Homer E., Pittsburgh, Pa 

Breidenbach, Eric P., Baton Rouge, 
la. 

Brown, William W., Ambler, Pa 

Butenhof, Melvin W., Port Arthur, 
Tex 

Crowley, B. A., Baltimore, Md 

Darling, Carlton L., Wickliffe, Ohio 

Dunlap, Ralph l., 
Mass 

Englander, Alan J., Palmetto, Fla 

Fisher, Frank R., New York, N. Y 

Frame, John M., Cincinnati, Ohio 

Gilbert, Carlisle W., Pittsburgh 
Pa. 


Gore, James, II|, Coraopolis, Pa 


Springfield, 


Greever, James €., Cincinnoti, 
Ohio 

Hays, George E 
Okla 

Hogeland, A 
Park, Pa 

Jansen, J. J 
Mass 

Kraftson, Harry A., Bala-Cynwyd 
Pa 

Krasnoff, Albert, Maplewood, N. J 

Laster, Richard, Forest Hills, L. 1 
N.Y 

Loundrie, Robert W., Akron, Ohio 

LeMay, J. E., Dallas, Tex 

Ludwig, Raymond N., Port Arthur 


Tex 


Bartlesville, 


William Ridley 


North Wilbraham 


Massey, Lester G., Chicago, III 

McCants Malcolm _T., 
Christi, Tex 

McQuarrie, J. Graham, Texas C'ty 


Corpus 


Tex 
Mills, Donald N., Houston, Tex 
Myers, Charles E., Bon Air, Va 
O'Connell, Francis P., Metuchen 
N. J 
Osborn, Oliver, Lake Jackson, Tex 
Osri, Stanley M., Glenview, III 
Paddison, O. H., Tenafly, N. J 
Pollock, J. A., Akron, Ohio 
Rice, Theodore, Pittsburgh, Po 
Rice, William J., Houston, Tex 
Rich, R. E., Notre Dame, Ind 
Robertson, James M., Kingsville 


Tex 
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Ross, S. David, Drexel Hill, Po 

Russell, Henry H., Pittsburgh, Pa 

Schmidiein, Joseph A., Darien, 
Conn 

Schwartz, George N., Sf. Louis, 
Mo. 

Serdarian, Sarkis, 
Mass 

Shurter, Robert A 
Ind 

Stansel, J. C., Coshocton, Ohio 

Swanson, Paul F., Short Hills, N. J 

Weedman, John A 
Okla 

Wilcox, Allan C., Midland, Mich 

Willis, James M., Akron, Ohio 

Winn, Hugh, Akron, Ohio 

Wood, J. Q., Bartlesville, Okla 

Yeakley, Vernon J., New York, 
N.Y 

Zahnstecher, Leonard W., New 
York, N.Y 


Wilbraham, 


Terre Haute, 


Bartlesville, 


Zeiger, H. Evan, Shawmut, Ala 


Applicants for Associate 
Membership 


Bucherer, Walter F Montreal 
P.Q., Cancda 

Dorsheimer, Wesley T., Stamford, 
Conn 

Francis, Gus, Denver, Colo 

Porter, H. K., New Castle, Del 

Rosenfield, Myer J 
Ohio 


Cincinnati, 


Applicants for Junior 
Membership 


Ameen, Raymond F., Pawtucket 
RI 

Anderson, Malcolm M., Charleston, 
W.Va 

Andrew, Eugene A., Jr., St. Louis, 
Mo 

Ball, Frank J., Springfield, Mass 

Baylor, #H 
W. Vo 

Baxley, William H 
$. ¢ 

Bazell, Clyde, Ironton, Ohio 

Beals, Richard N., 
Ohio 

Benes, Peter, Cleveland, Ohio 


Nelson, Charleston 


Hartsville, 


Miamisburg, 
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COMPETITORS 


BASED ON 2” GATE 8 Cc 








Ball and socket rotating type disc for 


positive seating with minumum galling 
Discs and seats designed for simple 
reconditioning in the freid 

Centerless ground stock to cut pack- 


ing wear 


44" munimum stem diameter to as- 
sure rigidity 

Deep stuffing box with six turns of 
V4" square packing 

Packing gland designed to deliver 
square uniform compression 

Two prece gland construction to pre- 
vent gouging of the stem 


Swinging eyebolts to simplify repack- 


ing and provide added safety 
Simplified yoke nut construction to 
permit replacement without inter- 
rupting service 


Grease fitting to elominate friction on 
yoke nut during opening and closing 


100%, x-ray of vital cast components 
A stainiess stee! valve designed and 
produced by sta:niess stee! specialists . 


Stocked in major industrial areas by 
nationwide distributor organization 


| Rugged construction for tough corro- 
Sive service —compare these weights ' . . 28 Ibs. 28. Ibs. 



















































































7’ minumum diameter wheel 
for simplified hand closing 
a —— 


THE superior design of Cooper Alloy stainless steel valves means 
greater reliability and reduced maintenance costs. Make the com- 
parison yourself and you'll soon agree that no other stainless steel 
valve gives you so many quality features . . . at no additional cost. 


Our thirty years of experience in the casting of high alloys is your 
guarantee of the best in stainless steel valves, fittings and accessories. 
To get the full details, write today for your free copy of our 2” valve 
comparison chart. 


THE 


COOPER ALLOY 


FOUNDRY CO. HILLSIDE, NEW JERSEY 


Please send 
along my free 
copy of your 
detailed chart 
comparing Compony 
competitive 2" 

stainless steel Address 
gate valves. 


Nome 


Position 


asauaaenaans 


City” Zone Stote 


liieneneassemanneen eimai tiimeniaenieam maine 
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CANDIDATES 


Bennett Thomes M™ 
N.Y 

Bierma 
Ohio 

Blaney, William H., Lake Jackson 
Tex 

Blumberg, Sheldon R 
Hts., Ohio 


Robert ¢ 


Univers 


Bosshardt 
Ind 


Terre Ha 


Donald L 
Bradshaw, Robert 
Ohio 

Roger L., 


Kenneth, 


Bowers Logan, Ohio 


Daily, G bson 
burg 
Briggs Corning, Oho 


Brinson Terre Haute 
Ind 
Broulette, Jomes J., Seattle 
Burkhart, Robert lL 


Ohio 


Wash 
Mansfield 
Bussolari, Robert J 

Del 
Byars 


Wilmington 


Harry G., Fort Worth, Tex 
Ralph W.. Boonville, Mo 
Charles J Jr Hous 


Carl 
Carmichael 
ton, Tex 
Cartier Raymond Martin, New 
York, N.Y 
John M 


William H 


Arsenal, Ark 


Cashman 
Casto Charleston 


W. Va 


Anderson 


hen, Alice Lee 


Donald € 


New York, N. Y 
hristensen Tacoma 
Wash 

Jack J., Texas City 
larkson, W Suffern 

lose, John ¢ Highland Park, Ii 


Be namin P 


nave 


Philip 


Schenectady 


Condra, Lovis W., Jr., Lake Jack 
son, Tex 

Conklin Charles White 
Smithfield, Va 

Crossley, Walter C., Brownsville 
Tex 

Curth, Douglas R 

Dagley, leo J., Jr 
Okla 


Davis 


Lovisv lle, Ky 
Bartlesville 


D.C 


Hopewe!l 


Akin T., Washington 

Dean, George W., Ill 
Va 

DeGisi 
Ky 


Sabino Lucas, Lovisvi 


Le'acretaz, Richard E 
Mass 
Deland 
Ohio 


Springfield 


Donald lL 


Barberton 


Dienes New York 


George | 
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mical 


DiGiacomo, Angelo A., Phila. P 


DiPietro, George A., Elsmere, Del 
Doherty, Bernard E Ohio 
Dohn, Leo A 


Donham, Walter E 


Toledo 
Jamaica, N. Y. 
Whiting, Ind 
Donnelly Cenver 
A. Gorme», Jr., Baltimore 


James R Colo 
Dorsey 
Md 
Dresher, William H., Phla., Po 
Duke, Donald A., Texas City, Tex 
Duncan Robert W Bordentowr 
2 
Dunmyer Joseph 
dom, Pa 
Alexander 
Calf 
George, Philadelpt 
Arthur R., Newark, Del 


New York 


Edeleanu, 

mond 
Egerter 
Eglington 
Eisen, Stephen N.Y 
Chris C 


Fred A Rock 


Elenniss Lakewood 

Emmerling 
N. Y 

Emmett, Robert, Jr Chih 
Mexico 

Ernst, Richard T., Louisville, Ky 

Felsen, Harold, Hunter, N. Y 

Donald € 


Columbus 


Findlay 

Ohio 
Fisher, John A 
Fleck, Brice E So 


W. Va 


Fostoria, Ohio 
Charleston 
Fleischer, Edward G., Bloomf 
N. J 
Fletcher 
N. J 


Kenneth J.. Wood-Ridge 
Richard K 
Freistedt, Robert R 
Charles P 


Kokomo, Ind 
Skokie iil 
Charleston, W 


Franca:s 


Frew, 
Va 

Drexel Hill, Pa 

Galbreath, Richmond B., New Or 


Fusco, Joseph J 
leons, la 


Garrison, Lawrence J., New York 

N.Y 
Gatewood Herbert Terre 

Haute, Ind 
Gaugh, Robert R., 
Gay, Philip T 
George, Wendell J 
Gingrich, Rey W 
Can 


David A., Jr 


Hopewell, Va 
Mass 

Detroit, Mich 
Toronto, Or 


Tewksbury 


fario 
Gipe 


Johnstown, Pa 


Goizueta, Roberto ( Havana 
Cuba 
Goldman 
Park, N.Y 


Grubaugh 


Edward New Hyde 


Richard Indian 
apolis, Ind 
Ed. O., Jr 


James F 


Dallas, Tex 
Columbia, S. C 
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In 


Large 


Refineries 


and Small... 


JOHNSTON PUMPS ARE 
JOBS HANDLING VOLATILE FLUID 


Here’s a Johnston, installed in a large 
Southern California refinery, where it is 
used as a high-octane gasoline transfer 
pump. This unit, which has the pumping 
element enclosed in a sealed steel barrel, 
takes suction sufficiently above the pump 
bowls to give the required net positive suc- 
tion head. The discharge is at the same level 
as the suction. Such a unit offers many ad- 
vantages: 

1. The supply vessel can be located wher- 
ever convenient and the pump bow! is 
then set low enough for proper submer- 
gence. 


2. Driver and piping connections are at the 


surface, eliminating dry sumps which are 
costly to build and expensive to main- 
tain. 
. Nothing to lubricate but driver bearings. 
. Vertical design needs oniy 
valuable floor space. 


Vs as much 


.Due to diffuser type construction, this 
unit has higher efficiencies than conven- 
tional centrifugal pumps at high heads. 

This is another typical example of 
the ability of Johnston equipment to handle 
all types of pumping jobs. Why not let our 
trained engineering staff consult with you 
on the best solution to YOUR particular 
problem? 
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VERTICAL PUMPS 


JOHNSTON PUMP COMPANY 


3272 EAST FOOTHILL BLVD., PASADENA 8, CALIFORNIA 
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TTT Here is a new information service—a convenient 


way to get the chemical engineering information 
you need on new equipment, on advertised 
products, on the newly announced developments 
reported on these pages. A one post card in- 
quiry designed to bring data quickly and easily. 
Circle the items of interest, sign your name, 
position, address, etc., and drop in the mail. 
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Just a moment is needed to learn how to use 
this insert. Wher looking through the front 
part of the magozine pull the folded portion 
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PRODUCTS 


Dryers 

Custom-designed and tested dryers. 

Louisville Drying Machinery Unit, General American 
Transportation Corp. 


Varidrive Motors 

Any R P M by simple dial control. Varidrive accom- 
plishes in a single power unit the functions of a 
motor, speed changer, gear box and controls, to 
occupy little more space than a fixed-speed motor. 
Bulletin. 


U. S. Electrical Motors Inc. 


New Centrifugal Pumps 

Impervious graphite equipment for processing, convey 
ing, and storing corrosive fluids. Bulletins 

National Carbon Co 


Filtration Equipment 

Heavy-duty filter. 60-sec. opening or closing. Also 
standard horizontal plate models 

Sparkler Manufacturing Co. 


Durco Valves 

Corrosion resisting valves with Teflon Sleeves, available 
in Ya in. through 2 in. flanged and screwed 

The Duriron Co 


Tank Gauging 

Varec remote reading tank gauge receivers, equipped 
with 36 key-type switches. Receiver design is flexible 
permitting custom panel installations when desired 
Bulletin. 

The Vapor Recovery Systems Co. 


Acetylene 

Wulff process plants to produce acetylene at low cost 
high-purity acetylene from readily available hydro- 
carbons such as natural gas, propane, and butane 
Ethylene can be produced as a by-product. 

Girdler Co. 


Tel-O-Set Controllers 

Fast-acting pneumatic controls. Sealed-tight design, non- 
bleed pilot valve, simplified tuning, easily-read dial 
calibrations. Applications cover pressure, liquid level, 
flow and temperature. Specification Sheets 768 and 
771. 

Minneapolis-Honeywell Regulator Co. 


Photochemical Equipment 
For continuous flow, batch or recycling processes. Liter- 
ture. 


Hanovia Chemical & Mfg. Co. 


Processing Kettles 

Available in research laboratory to test new processes 
and new products. Kettles perform a number of basic 
operations; heating, cooling, mixing, extracting, react- 
ing, distilling, evaporating, drying, and solvent re- 
covery. Vacuum, atmospheric, or pressure operations 
can be provided. 48-page color booklet 

Buflovak Equipment Division. 


Heat-Transfer Medium 

Dowtherm for chemical, paint, petroleum, food and 
other process industries. 

The Dow Chemical Co 


Compressors 

Air or gas, for pulling vacuums. Capacities from 5 to 
125 hp. 

Ingersoll-Rand 
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348 


35A 


Proportioning Pump 

Capacity range from 1 to 10 gal./hr. will discharge 
against pressures up to 650 Ib./sq.in. gauge. Bulle- 
tin 1105. 

Proportioneers, Inc. 


Packing Tower 
Intalox saddle packing for distillation towers. 
U. S. Stoneware 


Gasholder 

Dry seal permanent, impermeable and weatherproof gas- 
holders. 

Wiggins Gasholder Div., General American Transporta- 
tion Corp. 


Acetylene from Hydrocarbons 

Manufacturing acetylene economically by the Wulff 
Process. 

The Fluor Corp., Ltd. 


Metering and Proportioning Pumps 

U type pumps for small volume flows, standard, jacketed 
and variable speed units. Catalog UP-52R. 

Hills-McCanna Co 


Pilot Filter Stations 

This filter unit is a 4-ft. diam. by 2 ft. face size—of all 
type 316 stainless steel materials with multiple-cake- 
washing apparatus, vapor-tight hood, and roller dis 
charge. 

The Eimco Corp. 


Controlled Volume Pump 

For hydrochloric acid... all concentrations chlori 
nated hydrocarbons, corrosive metallic salt solutions, 
dilute acids, and mixed acids. Write for Bulletin 300 

Lapp Insulator Co., Inc. 


Controlled Humidity 

Hygroll moisture-absorbent liquid removes moisture as 
@ separate function from cooling and heating 

Niagera Blower Co. 


Graphite Anodes 
Chlorine and caustic soda for the production of many 
plastic materials. 


Electrode Div., Great Lakes Carbon Corp 


Rotary Dryers 

Hersey preheaters, dryers, kilns, coolers and calciners 
Bulletin No. 531. 

Standard Steel Corp 


Celite Filtration 

Provides pure process water for boiler make-up, heat 
exchangers, and circulating water for towers. 

Johns-Manville 


Demineralizing 
New technique of mixed-bed demineralization. 
Barnstead Still & Sterilizer Co. 


Stainless Steel Valves 

Cast stainless steel valves, fittings and accessories. 2-in. 
valve comparison chart. 

The Cooper Alloy Foundry Co. 


Plug Valves 
Nonlubricated valves open and close with a quarter- 
turn. 


DeZurik Shower Co. 


Volatile Fluid Pump 

Transfer pumps for volatile fluids, high octane gasoline, 
etc. Bulletin C-83. 

Johnston Pump Co. 
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Numbers followed by letters 
indicate advertisements, the 
number corresponding to the 
page carrying the ad. This is 
for ease in making an inquiry 
@s you read the advertisements. 
Letters indicate position—L, left; 
R, right; T, top; 8, bottom; 
BL, bottom left; BR, bottom 
right. A indicates a full page; 
IFC, IBC, and OBC are cover 
advertisements. 


Be sure to give name, address, position, etc. 


Remember, the numbers on the upper portion of 
the cord bring you data on only the bulletins, 
equipment, services, and chemicals reported in 
these information insert poges. The lower por- 
tion of the card is for the advertised products, 
and is keyed not only to advertising pages, but 
also to the memory-tickling list under the head 
ing Products. 


36A Control Valves 
Examples of Hammel-Dah! control valves in various 
chemical plants 
Hammel-Dah! Co. 


43A Turbogrid Distillation Trays 
A new type distillation tray for replacement of bubble 
cap installations. 
Shell Development Co. 


47A Dorrco Fluosolids System 
Produces SO, for contact acid plant and desulfurized zinc 
calcine for electrolytic zinc production. 
The Dorr Co. 


48T Filter Presses 
Filters for any material. Catalog 
T. Shriver & Co., Inc 


48B Steam Traps 
Nicholson thermostatic steam traps for process, heat 
power applications. Catalog 
W. H. Nicholson & Co. 


49A Glass Pipe 
Corrosion-resistant and noncontaminating Pyrex pipe 
Manual. 
Corning Glass Works 


50L Industrial Equipment 
Dust and fume control, spray booths, mechanical washers, 
and industrial ovens. 
Schmieg Industries Inc. 


SOR Molybdenum Trioxide 
Raw material for the production of all molybdenum com- 
pounds, including molybdenum orange, molybdenum 
vermilion, and molybdated pigment colors. 
Climax Molybdenum Co. 
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PRODUCTS (Continued) 


Chilled Water 

Hermetic centrifugal refrigeration units, 45 to 200 tons, 
for either comfort or process. 

The Trane Co. 


Spray Nozzles 
Full-cone, flat- and hollow-cone nozzles. 
Spray Engineering Co. 


Filter Presses 

A complete range of filter bases and a choice of six 
different closing devices. Catalog. 

D. R. Sperry & Co 


Stainless Tubing 
For heat-exchanger applications. Chart. 
The Carpenter Steel Co. 


Pumps 

Pumps for boiler feeding, heavy-duty compressor for 
general use, and duplex compressor for larger plants 
and soot blowing. Catalog and bulletins. 

Pennsylvania Pump & Compressor Co. 


Fintube Heaters 
Tank suction heaters and line heaters. Bulletin No. 521. 
Brown Fintube Co. 


Tank Insulation 


Zerolite insulation for outdoor tanks and vessels. 
Johns-Manvillle 


Deionizer 
Single-tank, mixed-bed ion-exchange unit produces de- 
ionized water for less than 25 cents/1000 gal. Bulle- 


tin 512. Water softeners: Bulletin 611. 
Elgin Softener Corp. 


Diaphragm Valves 
Packless valves in brass, steel, iron, 
Crane Co. 


Poro-Stone Filters 

A package plant for special and standard filtering prob- 
lems. Model for continuous filtration molten phos- 
phorus. Bulletin No. 431. 

R. P. Adams Co., Inc. 


Spun Trays 

Continuous, vertical, transfer type for sensitive food 
products. Special bulletin on spun trays for dryers, 
coolers and toasters in the food industry. 

Wyssmont Co. 


Technica! Data Books 

Data books contain about 140 pages of technical data, 
essential for the student, engineer, technical worker, 
and business man. 

Lefax 


Tantalum 

Acid-proof tantalum equipment for chemical operations. 
Booklet. 

Fansteel Metallurgical Corp. 


Chemical Exposition 
In Philadelphia the first time Nov. 30 to Dec. 5. Appli 
cation forms for hotel accommodations availabie. 


International Exposition Co. 


Screening Material 

Wire cloth woven from all commercially used metals in 
sizes ranging from 4 in. (space cloth) to 400 mesh. 
5,400 different combinations. Catalog E. 

Newark Wire Cloth Co. 


Color Comparators 


For pH, chlorine, phosphate, and nitrate tests. 
handbook. 
W. A. Taylor & Co. 


Furane Resin Cement 


A mortar for corrosion-resistant masonry. Folder. 
Delrac Corp. 


Proportioning Pumps 
7,500, 15,000 or 30,000 Ib./sq.in. working pressure by 


the interchange of piston and cylinder assemblies. 
Bulletins 4061-A. 


American Instrument Co., Inc. 


Bubble Caps 

Bulletin 21 contains specification information for more 
than 200 standard styles of bubble caps and risers 
Special caps designed. 

The Pressed Stee! Co. 

Pumps 

Synthetic rubber products handled by Nagle pumps. 
Also used for abrasive and corrosive applications. 

Nagle Pumps, Inc. 

Heat Exchangers 

Paracoil heat exchangers, for pilot-plant units, and plant 
modernization programs. 

Davis Engineering Corp. 

Tricone Mills 

Bulletin AH-414-40 for ball mill information. 

Hardinge Co., Inc. 

Laboratory Ware 

Vitreous silica transparent, glazed and unglazed cru- 
cibles, evaporating dishes, beakers, tubing. Bulletins. 

The Thermal Syndicate, Ltd. 

Agitator Drives 

Drive reduction units of all descriptions. Booklet No 
5308. 

Western Gear Works 


Antifcam 


Silicone defoamer in recirculating cooling brines, bottling 
soft drinks, varnish cooking, textile resin backings, 
and steel pickling baths. Coupon for free sample. 

Dow Corning Corp. 


Viscometer 

Adaptable to any problem from less than one to 
32,000,000 centipoises. 

Brookfield Engineering Laboratories, Inc. 


Plate Fabrication 
Towers, pressure vessels and heat exchangers. Literature. 
Downingtown Iron Works, Inc. 


Tube Rolling 

Expand tubes to produce uniformly tight tube joints. 
Bulletin TX-50. 

Vernon Tool Co., Ltd. 


Evactors 

Chill-Vactors chill water in plants cooling chemical 
solutions, fruit juices, milk, whiskey mash, etc. 

Croll-Reynolds Co., Inc. 


Heat Ex-hangers 

For process conditions ranging from liquid 
Dowtherm, high vacuum to high pressure. 

The Vulcan Copper & Supply Co. 


Mixers 

Units for a variety of fluid mixing operations. Coupon 
for catalogs. 

Mixing Equipment Co., Inc 





CHEMICALS 


industrial Chemicals. Atlas Powder Co. catalog on 
seven classes industrial chemicals. Sorbitol, surfactants, 
mannitol, solid polyester resins, fatty acid, plasticizers, 
and activated carbons. 


Pelargonic Acid. improved grade of pelargonic acid 
in experimental and pilot quantities. Technical bulletin 
lists specifications, characteristics, reactions, applice- 
tions. Emery Industries, Inc. 


Dispersing Agents. Dewey and Almy Chemical Co 
announce potassium salt dispersing agent in powder 
form for latex paint industry. Low sodium and sulfate 


ion content control efflorescence 


Flattening Agent. flattening Agent for alkyd-urea 
varnishes from Davison Chemical Corp. Gives matte, 
hand-rubbed effect, easily ground. Leaflet. 


Trioxane. Crystalline form of formaldehyde Trioxane 
in commercial quantities from Celanese Corp. Sta- 
bilizer for trichloroethylene and zein solutions, setting 


agent for protein materials, etc. Bulletin. 


Aerosil. A white finely divided silica called Aerosil 
Developed by Godfrey L. Cabot, Inc. 99% pure silicon 
dioxide. Used by rubber compounders in white and 
colored rubber products. 


Ammonium Thiocyanate. J. T. Baker Chemical Co. bul- 
letin on ammonium thiocyanate. Gives properties, 
aqu ous solutions, uses in various industries. Section 


on chemical reactivity and use in synthesis 


Fatty Alcohols. Revised data sheet from M. Michel and 
Co., Inc. on Cachalot fatty alcohols. Typical analyses 
for fourteen types. 


Polyvinyl Chloride. Ampcoflex rigid polyviny! chloride 
by Atlas Mineral Products Co. Bulletin on resistance 
characteristics, physical properties, techniques of un- 


plasticized fabrication 


pH Catalog. Handbook catalog from LaMotte Chemical 
Products Co. on equipment and chemical reagents. 
For determining pH, chlorine control, water, sewage 


analysis, soil testing, etc. 


Sodium. Brochure on handling of sodium from Ethyl 
Corp. Discusses bulk sodium, sodium sand, handling 
dispersed sodium, applications, etc. 


Lacquer Emulsions. Hercules Powder Co. brochure on 
emulsifying agents, and emulsifying and formulation 
techniques. 


Tefion and Rulon. Folder on several grades of Teflon, 
also Rulon from Dixon Saddle Co. Teflon as parts 
and also as rods, tubing, shapes. Rulon bearings re- 
quire no lubrication. Withstand temperature —100° F. 
to more than 500° F. 


Pliovic Resins. Goodyear Tire & Rubber Co. folder on 
Pliovic polyvinyl chloride. Approximate intrinsic vis- 
cosity 0.80. Complements use of grade previously 
announced for calendering, coating, and extruding. 


Plastisols. Bulletin on Hysol series of plastisols from 
Houghton Laboratories, Inc. Corrosion- and abrasion-re- 


sistant. 


Fertilizer Laws. Data book of facts and figures for 
fertilizer manufacturers from Monsanto Chemical Co. 
Gives state laws for fertilizer manufacture and sale, 


charts, formultions, etc 


Zine Dust. Applications of zinc dust described in bul- 
letin from American Smelting and Refining Co. Ad- 
vantages of use in bleaches, reducing agents, catalyst 
purifiier, additive to lubricants and paints. 


Resistant Coatings. New coatings of Lithcote Corp. 
For corrosion and contamination resistance to many 
chemical products and exposures. Linings suitable for 
tank cars, storage tanks, other processing equipment. 


Piasticizer. Paraplex, polymeric vinyl! plasticizer, by 
Rohm & Haas Co. Properties of interest to formulators 
of vinyl products. Good resistance to migration in 
rubbing varnish, auto lacquer, Plexiglas, polystyrene. 


Alcowax. Allied Chemical & Dye Corp. announces 
Alcowax derived from ethylene. Melting point 100° C. 
Hard, tasteless, white translucent color. Used in paper 
coating, polishes, candies, paint 


Polyester Resins. General Electric Co. technical bul 
etin on industrial applications for polyester resins 
Discusses catalyst, fillers, pigments used with resins 


Also fabricating methods. Numerous tables and charts 


Kel-F Polymers. M. W. Kellogg Co. bulletin on physical, 
electrical, chemical, and mechanical properties of tri- 
fluorochloroethylene polymers. Information on resist 


ence to more than 100 specific chemical substances 


Tygon Paint. Data on Tygon paint, and Tygorust vinyl 
primer from U. S. Stoneware Co. Gives chemical-re 


sistance charts; tells where and how to use materials 


Asphalt Products. Pioneer Latex & Chemical Co., Inc 
bulletin on latex, rubber, and asphalt products. In 
uded are asphalt cut-backs, outdoor protective coat 


ings, industrial floors, expansion joint compounds, etc. 


Amy! Acetate. Data sheet on amy! acetate from Com- 
nercial Solvents Corp. General information, specifica 


tions, uses, physical properties included 


Magnesia. Booklet on General Magnesite & Magnesia 


©. products. Types, uses, analysis, material details 


Metallic Phosphates. “Application of Metallic Phos 
phates to Cooling Water Treatment,” a paper from 
Deady Chemical Co. Flow chart of system, data on 


analyses of water used in tests 


Ferrocyanides. Bound volume on chemistry of ferro 
cyanides from American Cyanamid Co Summarizes 
known physical and chemice! properties of sodium and 
potassium ferrocyanides and hydroterrocyanic acid. 
Covers applications. 


Rubber-Base Coating. Chemical- and corrosion-resistent 
rubber-base coating by Saran Protective Coatings Co. 
Formulated with copolymer of styrene and butadiene 
For chemical-food-processing plants, oil refineries, etc. 
Coatings air-dry, dust-free quickly. 

Plasticizer. Monsanto Chemical Co. plasticizer com 
patible with many synthetic and cellulose resins; San- 
ticizer 160. Technical bulletin available. Low volatility 
at extrusion and calendering temperatures, good oil 
extraction, heat and light stability 


Hydraulic Fluid. Lindo! HF, a tricresy! phosphate-based 
flame-resistant hydraulic fluid announced by Celanese 


Corp. Physical properties and specifications 


Plastic-Coating Process. Process announced by Pyramid 


Plastics, Inc. for application of plastic coating on flex 


ble steel tubing, metal- and paper-jacketed tubing, etc 





Fumaric Acid. Commercial quentities of fumaric acid 
available from Monsanto Chemical Co. Crystalline, 
free-flowing granule, material is companion to phthalic 
and maleic anhydrides. Used for surface coatings, 
inks, etc. 


Controlling Corrosion. For use in control of corrosion 
in steam-condensate systems Hagafilm by Hagan Corp. 
Description, advantages, etc. in !eaflet. Improves valve 
and pump operation, keep lines clear; reduces trap 
maintenance. 


Wulff Process Acetylene. Lummus Co. technical and 
economic study on Wulff Process for production of 
acetylene from light hydrocarbons. Process description, 
simplified flow diagram, extensive data. 


Furnace Black. Continex fast extrusion furnace black 
by Witco Chemical Co. discussed in extensive bulletin. 
Covers properties compared with other blacks, 
strength, modulus, hardness, other features. 


Niacin - Niacinamide. Reilly Tar and Chemical Co. now 
producing U. S. P. niacin and niacinamide for use in 
vitamin preparation. 


Modified Polystyrenes. Data on Koppers Co., Inc. mod- 
ified polystyrenes included in binder of technical bul- 
letins. Applications, types, properties, manufacture, 
etc. 


Hot Melt Adhesive. Announced by National Adhesives 
vinyl type hot melt adhesive for binding. Data on 
tests comparing grip, toughness, etc. 


Anti-Seize Compound. Lead-plate, an antiseize com- 
pound from Armite Laboratories saves maintenance 
costs by prevention of high-temperature freeze, leak- 
age, corrosion, galling and seizing in all threads to 
metel-to-metal contacts. Temperatures —100° F. to 
+-2987° F. Effective to pressures of 6000 Ib./sq. in. 


BULLETINS 


Stainless Bars and Wire. (50) Data on application of 
stainless wire. Physical properties, corrosion resistance, 
selection chart. (51) First edition on stainless bars. 


Tables on sizes and shapes, weights, corrosion resistance. 
Fabrication and processing .nformation. Allegheny Lud- 
lam Steel Corp 


Gas and Diesel Engines. General bulletin on gas, Diesel, 
and gas-Diese! engines by Cooper-Bessemer Corp. Atmos- 
pheric, supercharged, vertical 4 cycle, 6, 7, 8 cylinders. 
690 to 2500 hp. 


Control Literature. Bulletin, Bristol Co., offers check list 
of available literature on recording and control instru- 


ments. 


Cracking Unit. Bul wtin on new model fluid catalytic 
cracking unit from Standard Oil Development Co. No 
throttling slide valves, lower height, improved vessel 
design, simpler internals; flow diagram. 


Process Pumps. Ingersoll-Rand pumps for the refinery 
and process industries. ium duty services. Sizes 1 
to 3 in; capacities 20 to 550 gal./min.; pressures to 
300 Ib., temperatures to 500° F. 


Temperature Controls. From Burling Instrument Co. illus- 
trated catalog of electric temperature controls. New 
models, selection and comparison table. Some suitable 
for 1800° F. 


Multi-Point Recorder. Foxboro Co. information sheet on 
control and alarm combination with multi-record re- 
corder. Optional control and alarm functions. Diagrams 
clarify each of four control or alarm actions. 


Gravimetric Feeder. New Omega Machine Co. limited 
space, loss-in-weight feeder for low rates of feed 
Delivers material to % in. size; 0 to 100% settings; 
minimum 0.25 Ib./hr.; maximum 100 Ib./hr.; contains 
@ capacity selector. 


Wood Sole Shoes. For protection of those in large 
variety of industries, line of wooden sole shoes from 
F. J. Stahmer Shoe Co. Catalog illustrates various avail 
able types. 


Bucket Elevators. Specification tables, illustrations, sche 
matic drawings of bucket elevators and buckets by 
Jeffrey Mfg. Co. Catalog. 


Research and Engineering Service. Brochure from Com- 
monwealth Engineering Co. of Ohio discusses service 
from inception of idea to fulfillment for a wide area 
of technical interest. 


EQUIPMENT 


Space Filter. For air purification an ultra-aire space 
filter from Mine Safety Appliances Co. Protects against 
inert and radioactive dusts. Bulletin gives engineering 
details, diagrams, etc. 


Industrial Thermometers. Bulletin from American Ma- 
chine and Metals, Inc. on a bronze case industrial 
thermometer. Three types of connections. Information 
on scale ranges, frost insulation, shapes, other 
specifications. 


Solids Feeder. New Richardson Scale Co. solids feeder. 
Delivers constant flow of material to process equipment 
at 3000 |b./min. Handles feeds, limestones, dry, free- 
flowing chemicals, etc. 


Combustion Furneces. Hevi Duty Electric Co. new 
organic combustion tube furnace. Three separate fur 
naces mounted on rails for use as one unit or three 
individual units, each with temperature control. Sizes, 


weights, other specifications listed. 


Pressure Transmitter. Moore Products Co. announces a 
new pneumatic pressure transmitter. Bulletin gives 
schematic diagram, range chart, element material 
No geared movement. 


Sedium Peroxide Bombs. Parr Instrument Co. sodium 
peroxide bombs for combustion reactions with sodium 
peroxide. Four sizes for macro, semimicro and micro 
tests. Bulletin. 


Strain Indicator. Portable, self-contained unit for field 
and laboratory measurement of strain in structures 
and machines. Measuring range 0 to 2000 microinches/ 
inch. Baldwin-Lima-Hamilton Corp. 


Safety Grating. Globe Co. safety grip-strut grating 
Diamond-shaped pattern, open area over 75%. Struts 
joined by integral saddles. Sheet steel or aluminum. 


Non-Skid Multiwall Bag. Application of special coating 
on face and back of bag develops skid resistance, 
affording protection against breakage, reduces damage 
in transit. Does not obscure printing. Union Bag & 
Paper Corp. 

Feeding Device. For introducing chemicals into high- 
pressure vessels, feeding device by American Defibrator, 
Inc. Primarily for feeding wood chips and cellulose 
materials. Sizes 15 to 21 in. in diam. 70 to 100 tons 
of wood chips/day. 





TURBOGRID... 


the distillation tray that makes 
the bubble-cap tray obsolete 


50 Turbogrid columns in service and as many more 
under construction prove that 

Turbogrids save money and really deliver 
Turbogrid trays save as much as 50‘, of the cost of 
new column construction. 

At nominal cost, tray replacement with Turbogrids 
may even double the capacity of an existing 
column ... without loss in product separation. 

Ease of control and lower maintenance costs pay 
additional dividends. 

Turbogrids are available from accredited 
contractors. We invite your inquiries. 

Visit us at the San Francisco AIChE meeting in 
September. 


SHELL 


DEVELOPMENT 
COMPANY 


50 WEST SOTH STREET @ NEW YORK 20, NEW YORK 


“Ft, = @ 
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NOMINATIONS ARE IN ORDER 








R. P. Dinsmore, vice-president, The Goodyear 
Tire & Rubber Co., has been suggested by the 
Akron Section as A.I.Ch.E. Director. Since join- 
ing Goodyear in 1914, he has devoted his en- 
tire professional life to that organization, serv- 
ing in many capacities—on the technical staff, 
as assistant chemist in Canada, and chief chemist 
in California and Ohio, organizing the synthetic 
rubber research and development program for 
the government and his company. Subsequently, 
he become vice-president and director, The 


Goodyear Synthetic Rubber Corp. He was also 


nominated by the El Dorado, Rocky Mountain, and Boston local sections 


He was councilor, The Ohio State University Research Foundation (1951). 


The director of Georgia Tech's Engineering Ex 
periment Station since 1952, Herschel H. Cudd, 
has been suggested by the Atlanta Section. With 
a broad background of industrial experience, 
stemming from his position with Du Pont in the 
rayon technical division, from directing the in- 
organic chemical research for International 
Minerals and Chemical Corp., and from his 
position as director of the Lantuck division of 
West Point Manufacturing Co., Dr. Cudd was 
appointed head of the chemical sciences division 


Georgia Tech Engineering Experiment Station in 


1950. Much of the success of last year’s A.I.Ch.E. meeting in Atlanta is 


ottributable to his work as general chairman. 


BATON ROUGE 


The chairman of the Committee responsible for 
designing the A.I.Ch.E. Questionnaire, Lloyd B 
Smith, now engaged in administrative work in 
the Esso Laboratories, is the choice of the Baton 
Rouge Section. Early in his career he was asso 
ciated with the Atlantic Refining Co. and in 
1939 joined the Standard Oil Development Co., 
on the staff of the Esso laboratories, Standard 
Oil Company of Louisiana, Baton Rouge, to have 
supervision of chemical pilot plants. Active in 
the A.I.Ch.E. for more than twenty years, he 


was one of the originol members of the Philo 


delphia-Wilmington Section and one of the organizers of the Baton Rouge 


For the past several years local sections of the 


Institute have been encouraged to suggest suitable 
candidates for the nomination ballot for A.I.Ch.E. 


Director. 


This year to acquaint the members with 


local section choices, “C.E.P.” presents these three 


pages of candidate biography. Ballots from the Sec- 


retary’s office are now in the mail, and we hope these 


sketches help our members in selecting directors for 


the election ballot. If this service proves to be valu- 


able, “C.E.P.” will make it a yearly feature. 


CENTRAL OHIO 


The Central Ohio candidate is Frank C. Croxton 
technical director, Battelle Memorial Institute, 
Columbus, Ohio, since 1947. A Ph.D. from the 
Ohio State University in 1930, he served as a 
research chemist with the Standard Oil Company 
of Indiana until 1939 when he joined Battelle 
He has served A.I.Ch.E. in several capacities: as 
first chairman, reorganized Central Ohio Section 
in 1948 and as a member, Local Sections Com 
mittee in 1949; co-chairman, Forty-third Annual 
Meeting; and on Membership Committee in 1951 


He is on the board of trustees, Denison Univer 


sity Research Foundation. As technical director of Battelle, he guides 


its program of chemical and chemical engineering research 


CHICAGO 


W. L. Faith, the suggested nominee of the Chi 
cago Section, has been director of engineering, 
chemical division, Corn Products Refining Co., 
Argo, Ill., since 1948. Dr. Faith's educational 
and professional career covers many years of 
teaching. He has been special research assistant 
in chemical engineering, Engineering Experiment 
Station, University of Illinois; assistant professor, 
chemical engineering, Kansas State College; pro 
fessor, chemical engineering, State University of 
lowa. He was on leave with Office of Production 


Research and Development, W.P.B., Washington, 


D. C., as consultant, assistant director, and deputy director (1942-1945 


Section of which he is past-chairman. New Orleans Section also suggested He has served on many A.I.Ch.E. committees, such as Student Chapter 


Smith, who is a registered professional engineer in Louisiana. Program, Admissions 
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CLEVELAND 
Curry E. Ford, a practicing engineer since 1934 
and a recent appointee to the position of man 
ager, Carbon Sales, Union Carbide and Carbon 
Corp., has been nominated by the Cleveland 
Section, which he was instrumental in creating 
serving as its chairman in 1947 and working on 
its Executive Council for ten years. With respect 
to the national organization, he is now serving 
as chairman of the Local Sections Committee and 
previously wos a member of this and the Mem 
bership Committee. His experience in convention 
work is broad. He was vice-chairman of the 

1944 and 1952 Cleveland meetings and was a member of the Planning 


Committee of the 1948 meeting in that city 


COASTAL GEORGIA 

Arthur R. Bookout, Jr. research supervisor, Her 

cules Powder Co., Brunswick, Ga., has been 
picked by the Coastal Georgia Section. With 
Hercules since 1943 at Radford, Va., Experiment 
Station and home office in Wilmington, Del., and 
at the Brunswick plant, he has conducted re- 
search and pilot-plant development in explosives, 
distillation, high-pressure synthesis, etc. Prior to 
his association with Hercules, Bookout served as 
textile chemist with Kerr Bleaching and Finishing 
Works, Concord, N. C., and as chemist with the 
U. S. War Department in Radford, Va Having 
helped to organize the Coastal Georgia Section, he has served as member 


of its Executive Committee, as vice-chairman, and chairman 


COLUMBIA VALLEY 

W. Kelly Woods, manager, advance technology 
engineering department, Hanford atomic prod 
Richland, 
Wash., is the choice of the Columbia Valley 


ucts operation, General Electric Co., 


Section 


ipeebatell 


A graduate of Massachusetts institute 
of Technology with a D.Sc. in chemical engineer 
ing, he later taught chemical engineering there 
and then became associated with the Du Pont Co 
in the engineering department. In 1946 he was 
made head, pile engineering, technical section 
Hanford Works, General Electric Co., subse 
quently becoming manager, pile technology 

and then assistant manager, technical section, Hanford Works. Dr. Woods 

kept the Hanford reactors in operation appreciably beyond their antici 
poted life 


DETROIT 

The chairman, department of chemical and 
metallurgical engineering, University of Michigan, 
and consulting engineer, Donald L. Katz, is the 
selectee of the Detroit Section. For three years 
prior to his association with the University of 
Michigan where he hos been assistant, associate, 
full professor, chemical engineering, he filied 
the position of research engineer, Phillips Petro 
leum Co., Bartlesville, Okla. In Institute affairs 
he has been active on such committees as the 
Program, Nuclear Energy, Education and Ac 
crediting, and Publication. He won the Hanlon 


Award, Natural Gasoline Association of America, 1950 
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MARYLAND 
The Maryland Section has come through with the 
name of M. C. Molstad, director, department of 
chemical engineering, University of Pennsylvania 
Philadelphia, and a consulting chemical engi 
neer. Early in his career Dr. Molstad was asso 
ciated with the Fixed Nitrogen Research Labora 
tory, Deportment of Agriculture, as chemical 
engineer Subsequently he went to Yale Uni 
versity as instructor becoming later an assistant 
professor. For two years he worked in the am 
monia department, Du Pont, and then in 1939 
went to the University of Pennsylvania first as 
associate professor and later became professor of chemical engineering 
He has served on many committees of the Institute, including Student 
Chapters, Admissions Program, and from 1950 to date, as chairman 


of the Sub-Committee on Institute Lecture 


NEW YORK 
L. P. Scoville, the choice of the New York 
Section, after a short time with Southwest 
Engineering Co., entered the service of The 
Texas Co. and was responsible for the chemicol 
engineering design of many large refinery process 
installations. With the formation of the Jefferson 
Chemical Co. in 1944, he become chief engineer 
of the new concern and is now vice-president in 
charge of production. Scoville has held a num- 
ber of offices in the New York Section, AIChE 
including the chairmanship. In the national or 
ganization he has served on the Committee on 
Admissions and is currently chairman of the Program Committee and a 


member of the Publications Committee and the Publications Board. He 


was also named by New Jersey Section 


NORTHEASTERN NEW YORK 
A. W. Devison, director of research, Owens-Corn 
ing Fiberglas Corp. from 1949 and trustee of 
the Denison Research Foundation since 1943, has 
been suggested by the Northeastern New York 
Section. A B.S. from Denison (1910), an A.M 
Ohio State (1911), a Ph.D., Cornell in physical 
chemistry (1914) and a D.Eng. from Rensselaer 
1942), Dr. Davison worked as a chemistry assis 
tant at Ohio State and later ot Cornell. From 
1921-1925 he was professor of physical chemis 
try, Rensseloer Polytechnic Institute ond from 
1925 to 1942 served as the William Weightman 
Walker professor of chemical engineering and heod of the department 
In 1943 he assumed the position of scientific director, research laboratory, 


Owens-Corning 


OHIC VALLEY 
The moanoger of Vulcan Engineering Division 
Vulcan Copper and Supply Company of Cincin 
nati, Ohio, Raphael Katzen, has been selected by 
the Ohio Valley Section. In his present position 
he is responsible for direction of a large group 
of process project mechanical ond development 
engineers. He has been associcted with the 
Northwood Chemical Co. as chemical supervisor 
and chemical engineer and was its Research 
Fellow at Brooklyn Polytechnic Institute (1940 
1942 He also served the Diamond Alkali Co 
as technical supervisor. Dr. Katzen assisted in 

the formation of the Cleveland and Ohio Valley Sections and is a 


member of several National committees of A.I.Ch.E 


MORE ON NEXT PAGE & 
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PHILA..WILMINGTON 
Philadelphia-Wilmington Section has suggested 
G. E. Holbrook, now assistant director, develop 
ment department, Du Pont Co., Wilmington, Del., 
where he started in 1933 as a research chemist. 
He is also the choice of New Jersey Section. 
For several months during 1952 he was on loan 
to the government, serving as director, chemical 
division, N.P.A. Both locally and nationally, he 
hes worked for the objectives of A.I.Ch.E 
locally, on the Executive Committee, vice-chair 
man and chairman, Philadelphia-Wilmington 
Section; nationally, as present chairman of the 

Committee on Future of the Institute, a member of the Constitution and 


By-Laws Committee, and a Director of the Institute (1950-1952 


PITTSBURGH 


C 


‘ 


C. C. Monrad has been selected as candidate by 
the Pittsburgh Section. Currently he is Columbia 
Southern research professor of chemical engi 
neering and head of the department, Carnegie 
Institute of Technology. Dr. Monrad has served 
as chemical engineer, Standard Oil Company 
Ind.); assistant group executive, petroleum unit, 
National Defense Advisory Commission; consul 
tant on chemical Industry, W.P.B.; chief, buta- 
diene and styrene branch, Office of Rubber 
Director; and consultant, Reconstruction Finance 
Corp. He has been active on committees, Pitts- 
burgh Section; member, Patents Committee, Program, Student Chapters, 
and others of A.I.Ch.E. 


ST. LOUIS 


EO rg” 
PP MI 


John J. Healy, Jr., who has a long record of 
active service in the Institute in both local and 
national affairs, is the selectee of the St. Louis 
Section. Associated with Monsanto Chemical Co 
in various capacities both in Boston and St 
Lovis since 1921, he has been assistant to the 
vice-president in charge of research, develop 
ment and patents since 1951. From 1948 to 
1950, when he served as a Director of the Insti- 
tute, he was also chairman of the Local 
Sections Committee. He served as general chair 
man of the Swampscott meeting in 1950 and is 
currently technical program chairman for the annual meeting to be held 
in St. Lovis in December. He is also one of A.I.Ch.E. representatives on 
the Engineering Manpower Commission, Engineers Joint Council. Healy 
is a graduate of Harvard (A.B.) and M.1.T. (B.S 


SOUTH TEXAS 
Both the South Texas and the Texas Panhandle 


on 


Section chose William A. Cunningham, pro 
fessor, chemical engineering, University of Texas 
He served as department chairman (1942-1943, 
1947-1949) and will serve again for the biennium 
1953-1955). His primary technical interests are 
in the fields of industrial waste disposal and in 
mineral utilization. Bill Cunningham has grown 
up professionally with the chemical and petrol- 
eum refining industries of the Southwest. He 
received his M.S. in chemical engineering from 
the University of Texas and was engaged in 
industrial work for eight years before returning for part-time work which 
led to his Ph.D. in 1941. He has been an active member of the South 
Texas Section, serving on the Executive Committee and as program 
chairman, and chairman of the Section. Nationally, he has served on 
the Professional Legislation Committee and currently is a member of 


the Industrial Waste Disposal Committee. 
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TERRE HAUTE 
He is professor of chemical engineering, Purdue 
University and at present the administrative head 
of the Point Four project for engineering educo- 
tion in Formosa. His name is R. Norris Shreve, 
the suggested nominee of the Terre Haute Sec- 
tion. His industrial experience covers assign- 
ments with Mallinckrodt Chemical Co., Lamar 
Chemical Works, Shreve Chemical Co., Orth and 
Hastings Corp., and Calco Chemical Co. Pro- 
fessor Shreve went to Purdue in 1930 and 
served as professor of chemical engineering and, 
as head of the chemical and metallurgical engi- 
neering school from 1947 to 1951. He investigated the chemical industry 
of Europe in 1928, Japan in 1952, and Formosa in 1953 


TWIN CITIES 
Jose B. Calva, the choice of the Twin Cities Sec- 


tion, has been active in chemical engineering for 
more than thirty years. He heads his own group 
of research engineers, the J. B. Calva Co., 
Minneapolis, Minn. Back in 1929 he joined 
Baker-Adamson and a year later went to St. Paul 
to work for Minnesota Mining & Manufacturing 
Co. Mr. Calva helped form the Twin Cities 
Section of A.I.Ch.E. and has served as its vice- 
chairman and chairman. He was recently elected 
president, Minnesota Society of Professional Engi- 
neers, Minneapolis Chapter. He obtained a B.S 
in chemical engineering at the University of Pennsylvania and the Univer- 


sity of Mexico 


WESTERN MASSACHUSETTS 
This New England Section suggested Allan W. 
Low, division engineer, plastics division, Mon- 
santo Chemical Co., Springfield, Mass., as nom- 
inee. With Monsanto he has held the positions 
of general superintendent, technical superin- 
tendent, and assistant division engineer, division 
engineer, plastics division He served the 
Allied Chemical & Dye Corp., New York, as 
production supervisor, research chemical engi- 
neer, assistant manager, development division; 
the West Virginia Ordnance Works, General 
Chemical Defense Corp., and as technical super 
visor, General Chemical Co. A graduate of the University of New Hamp 
shire, Mr. Low has always been interested in activities of the Western 
Massachusetts Section 
(1950-1951 


He wos a member of its Program Committee 


WESTERN NEW YORK 
Robert Burns MacMullin, who in 1946 established 
a consulting practice in the field of chemical and 
electrochemical engineering and is senior part 
ner of the firm, R. B. MacMullin Associates, 
Niagora Falls, N. Y., has been chosen by the 
Western New York Section. For twenty-five years 
he was employed by the Mathieson Alkali Works, 
Inc. (Mathieson Chemical Corp.) serving suc- 
cessively as research chemist, engineer, assistant 
director of research, and manager of develop- 
ment. He has served on the Publications Com- 
mittee of the Institute for five years, and in 1939 
was chairman of the Western New York Section. During the iast war 
his activities were concerned chiefly with the development of a new 
process for making metallic magnesium and the building of the Lake 


Charles, La., magnesium plant for the Defense Plants Corp. 
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Alcan First to Roast Zinc Concentrates 
with DORRCO FLUOSOLIDS System 
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Produces SOz for Contact 
Acid Plant and Desulfurized 


Zinc Calcine for Leaching 


ARVIDA, QUEBEC. First commercial installation 
for fluidized zinc roasiing, a Dorrco FluoSolids 
System has been on stream at the Aluminum Com- 
pany of Canada’s plant here since June, 1952. 
Alcan’s expanding primary aluminum capacity has 
increased their sulfuric acid requirements and 
FluoSolids was selected as the most economically 
and technically feasible method to produce SO: 
from zinc sulfides for contact acid manufacture. It 
frees this company from fluctuations in natural 
sulfur supplies and at the same time gives a calcine 
ideally suited for electrolytic zinc production. 


SYSTEM ROASTS 150 TONS PER DAY 

Results from the first year of operation have been 
completely satisfactory. Gas strength at the Re- 
actor stack averages 10-12% SO, ...asafe margin 
over the 7% SO, required at the converter. The 
close temperature control possible with FluoSolids 
has resulted in a combined calcine product averag- 
ing 0.3% sulfide sulfur . . . which is the specifica- 
tion on this calcine for electrolytic zinc. 


HOW THE SYSTEM WORKS 
Zinc sulfide concentrates, obtained from the 
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TO CALCINE comvering System 


Northern Quebec areas, are repulped and held in 
slurry form at about 80° solids in Dorr Agitators. 
Slurry is pumped into the Reactor and is im- 
mediately dispersed and brought to the uniform 
roaster temperature of 1600°F. Gas passes out the 
side of the Reactor, through a waste heat boiler 
and cyclones before going to the acid plant. Cal- 
cine is cooled and stored prior to shipment to the 
zinc refinery. 


FOR ZINC PRODUCERS... 

FluoSolids represents a development of major 
significance. As proven by the Alcan installation, 
with this new technique a low uniform tempera- 
ture can be maintained to produce a calcine with 
high zinc solubility . . . and at the same time good 
nearly nine- 
tenths of a pound of steam per pound of zinc con- 
centrate ... a strong gas is produced averaging 
10-12% SO, ... and there is no necessity for dry- 
ing nor for fine grinding the roaster feed. In those 
cases where calcine is sintered, any desired amount 


waste heat recovery can be effected 


of sulfur can be retained, still producing a high 
strength gas. If you’d like more information on 
FluoSolids . 
roasting technique in the last 30 years . . . write 
The Dorr Company, Stamford, Conn., or in 
Canada, The Dorr Company, 26 St. Clair Avenue 
East, Toronto 5. 


. the most significant advance in 


FivoSolids is a trademark of the The Dorr Company, Reg. U.S. Pat. Off. 
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Twelve large 

60 chomber filter 

Presses in a beet sugor 

mill. Total filtering area— 

11,000 sq. ft. Filtration at 

high capacity even when some 
units are being cleaned. 


@ Are lowest in cost per sq. ft. of filtering area 

@ Filter any material, even thick or viscous 

@ Recover solids, reasonably dry, firm, easy to handle 
@ Wash, extract, thicken, steam out, melt, redissolve 
@ Operate at any pressure or temperature 

@ Clarify, bleach, decolorize, deodorize, germproof 

@ May be made of any metal, wood, rubber, plastic 


Can you ask for more? Get ALL the facts 
Get them straight. Get the new Shriver Catalog. 


T. SHRIVER & CO., In€. 812 Hamilton St. - Harrison, N. J. 


Filter Presses . Filter Media , Diaphragm Pumps 





Nicholson Steam Traps 


CUT HEAT-UP TIME 48% 


A large processor recently reduced the heating cycles of kettles 
A trom 105 min. to 50-60 min., by substituting Nicholson thermostatic 
steam traps for a mechanical type. This effected a gratifying produc- 
tion increase of 37%. Reasons for Nicholson's faster heat transfer: 
operate on lowest temperature differential; 2 to 6 times average 
drainage capacity; maximum air venting. To learn why an increasing 
number of leading plants are standardizing on Nicholson thermostatic 
traps send for our catalog. 


Type B 


=" . = i> Bulletin 


Type AU 


853 
5 TYPES FOR EVERY APPLICATION, process, heat, 214 Oregon St. 


1 


power. Sizes '4" to 2”; pressures to 250 Ibs Type A Wilkes-Barre, Pa. 


CE NICHOLSON SUS 


TRAPS -VALVES: FLOATS 
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MARGINAL NOTES 


(Continued from page 30) 


better treated in this text than in most 
of those known to the reviewer 

Among the serious defects of the book 
are: its calculation of significance levels 
from data on pages 147, 177, 186, 194, 
196 (significance levels have to be set 
independently of the data ) ; its failure to 
give and use the distinctions between 
Model I, Model II and Mixed Model 
experiments; the incorrect definition and 


‘ mult tactor 
the most useful in labor 


ind plant experimentation 


Cinquante Ans de Perfectionnement 
Technique. Presses Documentaires, 
Paris, France (1952). 380 pp. 4.120 
frs port compris. 


his volume containing thirty or more 
irticles resents fiftv vears of the 
progress in methods and techniques em 
ploved tn various industries throughout 
France Phe techniques were described 
at thirty-two meetings during 1950 be 
fore the Centre de Vertectionnement 
Technique, Paris. The many contribu 
to this work, all specialists in their 
pective fields, tell tory which, with 
raphs ind photograpl 
complete picture 0 le advane 
1 diverse industrie 
perfumery 


ind org 


Chemical Investments—An Analysis of 
Research, Growth and Finances in the 
Chemical Industry. John F. Bohmfalk, 
Jr., Chemonomics, Inc., New York 
(1952), 93 pp. $5.00. 


The purpose of thi 
pret with facts and 
of research and s 
end-product grou 
justrvy. It examu 
in the lig] t of these 
cusses the management 
activity, and analyzes 


these individual compan 


Books Received 


ASTM Standards on Paint, Varnish, 
Lacquer, and Related Products 
American Society for Testing Mate- 
rials, Philadelphia 3, Pa. (September, 
1952). 800 pp. $5.75. 


Reducing Phenol Wastes from Coke 
Plants. Prepared by Steel Industry 
Action Committee. Ohio River Valley 
Water Sanitation Commission (1953), 
36 pp. $1.00. 


( Mi re Varg } 
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Mow to get relief 


from costly acid-line replacements 


This Installation Manual shows how 
to get full value out of the unequalled 
corrosion-resistant 
nating 


and non-contami- 
properties of Pyrex brand 
“Double-Tough” glass pipe. 


The simple installation procedures 
it describes have been forged from the 
many chemical and 


food processing companies who have 


experience of 


found relief from excessive acid-line 
replacement costs in PYREX pipe. 


This manual shows how to design 
and hang Pyrex lines in a practical 


way. It takes you through every step 


CORNING GLASS WORKS 
CORNING, NEW YORK 


Corning mead Aedeacch i Gleatd 


49, No. 8 


of the various installation practices 


It will answer the questions you 
are most likely to have in mind about 
the everyday utility and 
PyREX pipe. The coupon is for your 
convenience. We'll be glad to send you 
a copy free. 


safety of 


What this manual tells you 

This Installation Manual tells what 
you need to know about the thermal 
expansion, operating and 
temperatures, and flexibility of Pyrex 


“Double-Tough” glass pipe 


pressures 


It describes in detail the recom- 


Double Tough 
Name 


Address 


aE 
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Please send me a copy of the 


mended methods of supporting Pyrex 
pipe and assembling joints 

It illustrates the simple methods to 
take the 


line “uTeas CX- 


care of pressure surges in 
vibration, and lines 


posed to traffic. 
It details plumbing techniques any 


includ- 
PyYREX pipe to other 


mechanic can quickly master 
ing connecting 
materials 


Some simple procedure described 


in this manual may show you the way 


out of expensive maintenance 


prob- 
lems. Send for a copy today. 


CORNING GLASS WORKS, Corning, N. Y. 
Plant Equipment Dept., EP-8 


Installation Manual for PYREX brand 


Gloss Pipe.” 


ae ee ee ee ee ee 





taney NOTES 
PLANT ENGINEERS PREFER Continued from pege 48) 
a 


As Others See Us 


Chemical Apparatus in the U.S.A. Re- 


MERGE port by a group of European experts, 
published by Organization for Euro- 


pean Economic Cooperation, Paris 
INDU STRIAL (June, 1952), 224 pp. $6.00. 

Reviewed | iH Varsha ly 
EQUIPMENT oi ire otic 


meg DUST and FUME incil of the Organi 
CONTROL EQUIPMENT on for Economic Cooperation TECHNICAL 
Completely automatic echni i ce Mission to survey MOLYBDENUM 
Centri-Merge units are he methods employed in the design an TRIOXIDE 
designed and engi- , 
neered to your specific 
requirements, to main- 
tain the cleanest dust- 
and fume-free working conditions. crumet 
Compact, self-contained equipment method 
occupies a minimum of valuable lust 
floor space, saves on upkeep. 


ve lopn ent 


The lowest cost raw ma- 








terial for the production 


of all Molybdenum 


ic ll ee ee See ee compounds, including 
chronize with your ig are 7 
production tine. No a Molybdenum Orange, 


al “ fire hazard with a , 
Centri-Merge; overspray ‘carried ol opean engineers ts Of pat Molybdenum Vermilion, 
away in a whirling tornado of icul chemical 
water. Safe, clean, efficient, eco- 
nomical; adapted to any conveyor 
equipment, overhead or floor. 


Schmied MECHANICAL 
WASHERS 


Centri-Merge is first e complex ma et th { 
step and first choice a a ee Re Our development department 
md ary iden cit nl onl if sn : ned vell _ ul ‘ will gladly take up with you any 
cleaning, long ee ee Seer ee ee ee problems involving the applica- 
trouble-free service ; HUNctIONS and provide the necessal 
at low operating cost. Convenient 
manual or automatic types for any 
finishing application. 


and Molybdated pigment 








colors. 


tion of Molybdenum. 








Safeguard your 
product quality with 
Schmieg drying and 
baking-ovens. Every 


, operating essential sthmiingyrcenglnanags 4a8 om Ah Climax 
carefully designed and engineered SEPHOR, CAACUVE CESENION, ANG | 
to give you the very best finishing latest le ranster technique nd co 
job. Any size, shape or type of idet tu pt nstrument denum 
oven, conveyor or box, for any on and of education in instrumentatior 
installation arrangement. oe nterest for envincet — 
Consult treet Engineers Today ited State ough the ap en Company 
ment alia a wit! ' Bs ’ re . . 
Ch roid dig > mer eee espe 500 Fifth Avenue 
now T ha these com Tl 1 1 al ( le 
CANDUSTRIES inc. [i eee New York City 
Cngencors & Wanufaclerors a a : ~2 oe : 


P O. BOX 4701 «+ DETROIT 34, MICHIGAN 








. 
chemical engineer 


c-ti 
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Here's the low cost way 
to get chilled water 


(FOR EITHER COMFORT OR PROCESS) 





TRANE CenTraVac hermetic centrif 
ugal refrigeration unit. 45 to 200 tons, 


Here are the 


1, Brings big-job economies to ail install- 
ations. . . for the first time, the 


proved money-saving advantages of 


centrifugal compressors are available 
to small and medium-sized jobs. . . 
down to 45 tons. 


Complete in one package. . . self-con- 

* tained ...all components are per- 

fectly integrated, therefore operate 
more efficiently (at less cost). 


Easier to install ...light, compact... 
* needs no special base, only simple 


reasons why: 


water and electrical connecticns. 
Saves on installation costs. 


4 Completely automatic . needs no 

* special attention...a push-button 
operation. Frees attendant for other 
duties. 


Fewer moving parts mean fewer 

* breakdowns, less maintenance. No 

shaft seals or gear boxes at all. Only 
one major moving part. 


Built-in automatic capacity control per 
* mits operation down to 10°, of 
rated capacity .. . saves power 


Here's the answer for 10 to 50-ton jobs! A 
completely pac kaged water chiller 
ready to install. The new TRANE Cold 
Generator comes completely assembled, 
wired, piped, refrigerant-charged 


TR 4 if be CentraVac cuts chilled water costs 6 ways 


The Trane Company. La Crosse, Wis . 


MANUFACTURING 


Vol. 49, No. 8 


East. Mig Div Scranton, Penn . 


ENGINEERS OF 


AIR CONDITIONING, HEATING 


Chemical Engineering Progress 


Trane Co. of Canada, Ltd, Toronto . a7 U 


AND 


and 14 Canadian Offices 


VENTILATING EQUIPMENT 


Page 51 





NEWS 


(Continued from page 2 


DISCUSSION AT CASE 
ON CORROSION 


44 " 


ye 


SPRACO i ao Chl 
Oy A B ~ ia 


RESEARCH CONTINUING 
Write for NOZZLE CATALOG to 


SPRAY ENGINEERING CO. 


132 CENTRAL STREET + SOMERVILLE 45, MASS. 


tray 
ind absorptior 
vear 1953-1954 
will be U1 
ersitv of M 


1] 
State College 


HAS THE ANSWERS ~_ 
—Whatever Your Filtration oF es canta une ne 
Problems May Be... alla eee ae 


During a half century of filter bases .. . and a choice pad RA ye 
designing filter presses for of six different closing de- » OF CANADA 
America’s manufacturing vices. Officers of the Chemical hh 
companies, Sperry has solved ; " Canada for 1953-1954 elected 
oul an taaee type of one for the Sperry Filter eeteMe eames 
industrial filtration problem. Press catalog and you'll see 
Sperry Filter Presses are flex- why Sperry can solve your 
ible in size and design RE filtration problems efficient- 

j there is a complete range of ly and economically. 


a . D. R. SPERRY & CO. 


BATAVIA, ILLINOIS 


~- FILTRATION ENGINEERS FOR MORE 
THAN 60 YEARS 
Eastern Sales Representative: 
GEORGE S. TARBOX 
808 Nepperhan Avenue, 
Yonkers 3, N. Y. Yonkers 5-8400 
Western Sales Representative: 
B. M. PILHASHY ) 
833 Merchants Exchange Bidg. Page 
San Francisco 4, California 
DO 2-0375 


conterence 


opment, Hlowar« 
Ltd., Cornwall 


, 
General Manaui 
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When the Heat’s On* 


Exchangers Stay on the Line LONGER | 
eee with (arpenter Stainless nae "I 


seu ee S. 


A: the left are pictured a group of heat exchangers 
and heaters in service on widely diverse jobs, in all 
parts of the country. They have one thing in common 
—the Carpenter Stainless Tubing that keeps them 
on the line longer —* when the heat's on for production 


Modern process equipment like this has to stay on 
the job. You can’t afford to interrupt a process for 
hours or days to replace tubes 


That's why—after considering many sources— more 
and more orders call for Carpenter Stainless Tubing 
They know that the quality standards we set at 
the mill will safeguard the quality reputation of 
their equipment. 


Analysis, Tolerance and Finish are guaranteed to 
be ‘‘as ordered’ on every shipment of Carpenter 
Stainless Tubing 


Send for this USEFUL SLIDE CHART 


Physical properties, sizes and gauges 

cross-sectional areas, velocity constants 

pressures, weights and other technical 
data on Carpenter Stainless Tubing for heat exchanger applica 
tions are condensed into this handy chart. It's yours for the 
asking, on your company letterhead 


The Carpenter Steel Company, Alloy Tube Division, Union, N. J. 


Export Dept. The Carpenter Stee! Co., Port Washington, N Y 
CARSTEELCO 


uw "etee 


3% 


Ww 


a ee, | 


STAINLESS TUBING & PIPE “7 Ue _— 


- guaranteed on every shipment 
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Your Needs To 


PUMP AIR 
BOOST GAS 
EVACUATE § LIQUIDS 


Can Often BEST BE MET 


By PENNSYLVANIA 


PENNSYLVANIA 2!>5-inch 6-Stage 
Class OHB THRUSTFRE Pump for 


Boiler Feeding. Bulletin 242-G 


PENNSYLVANIA Horizontal, Single-Stage 
Heavy-Duty Compressor for General Use. 
ulletin 201-G 


PENNSYLVANIA Horizontal, Two-Stage 
Duplex Compressor for Larger Plants and 


Bulletin 203-G 


for Soot Blowing. 


YOUR Copy of Catalog 546 briefly describes 
All PENNSYLVANIA Products 


Write For lt Today 
ae 


PENNSYLVANIA 


Pump & Compressor Co. 
EASTON, PA. 


OMFREAIR 
ONFREGAS © 


THRUSTFRE © 
AIRCHEK © 


NEWS 


(Continued from page 26) 


NEW DEVELOPMENTS 
IN TITANIUM 


rhe first industrial laboratory in the 
United States to be devoted exclusively 
to research and development on titanium 
Ohio, by 
Corp. The 


was recently opened in Niles, 
Mallory-Sharon 
new laboratory 
basic 


ind titanium alloy 


Titanium 
will be concerned with 
research, development of titanium 
s, and production test 
ing 

Mallory-Sharon also has 
development oOo! 
for the 


announced 
a new melting process 
production of titanium ingot 
which increases the yield of metallic ti 


] 


tanium trom it ponge raw material 


now in critical short supply. 


Previously two 


thods 


have been used in titanium production: 


different =m 


irc melting and induction melting. Arc 
melted ingots are not sufficiently homo 
geneous, and induction-melted ingots 


have an undesirable carbon content 
Mallory-Sharo1 
method that (1) 


there are no variations in a sheet, 


claims for its new S 
ingots are homogen- 
eous 
for example, rolled from a single ingot; 
(2) carbon content can be controlled 
ind held as low as the amount inherent 
in the sponge material, an electrode of 
titanium instead ol carbor being l 
ind the 


water-cooled copper crucible; (3) more 


used 
melting accomplished in a 
metallic titanium can be produced from 

riven amount of sponge raw material, 


Ince scrap loss is reduced. 


FIELD TRIP FOR 
CORROSION ENGINEERS 


A corrosion tour of oil-field equip- 
ment will be held from Sept. 30 to Oct. 
2, 1953, by the National Assoc 
Corrosion Engineers, according to Tom 
Matthews, of 


lation ot 
the publicity committee. 
Tanks and pumps will be 
pipes and sucker 


opened up, 
rods exposed, and a 
complete tour of Cosden Refinery, Big 
Spring, Texas, will be conducted. Fur- 
ther information may be obtained from 
John A. Knox, The Western Co., Box 
310, Midland, Texas. 


SYNTHETIC-RUBBER BUY 
DEPENDS ON BUTADIENE 


The projected sale of government 


owned synthetic rubber plants to private 
industry will give rise to complex eco- 
nomic problems, according to T. Ellwood 
Webster, pre sident, Catalytic Construc- 
tion Co. “Major among these problems 
is the subject of butadiene,” he said, 


“since profitable operation of rubber 
(copolymerization) plants will depend, 
under private ownership, on an assure 


supply ol low p! iced butadt The 


Chemical Engineering Progress 


At present according to an industry- 
wide survey conducted by Catalytic Con- 
struction Co. most of the 
owned by the 
all but two using petroleum feed stocks, 


butadiene 


plants are Government, 


h are about three times less expen- 
sive than alcohol feed stocks. The two 
alcohol have 
periodically 
output from the petroleum plants fell 
below demand and are 
operation on a reduced-output basis. The 


whi 


butadiene plants been 


operated when _ butadiene 


currently in 


Government’s synthetic-rubber price has 
been based on average production costs, 
and thus the greater expense of alcohol- 
plant yields has been mitigated by the 
wider use of petroleum butadiene 

(Annual capacity of Government plants 
is 539,200 short tons of butadiene from 
petroleum feed stocks and 215,000 tons 
from alcohol. There seems to be general 
agreement, the survey notes, that syn- 
thetic-rubber requirements, now slightly 
under 800,000 long tons annually, will 
increase 

The need for 
plant 
plicated by two factor (1) it is not 


additional butadiene 


according to the survey, is com 
known by whom and for what price the 


Government's butadiene plants will be 


purchased, and (2) petroleum butadiene 


may be produced from either of two 


by products of petroleum refining 


tvlene and butane. Six of the pre 


plants produce butadiene from butylet 


ind two use butane | 


Because butylene 


used for aviation gasoli it may me 


depending on world cor 
ily available for priv ite] 
diene plants. Butane 


he past been availabl ibund 


and at lower prices. The six plants pr 

ducing butadiene from butylene, thet 
’ , 

fore, would require mo 

use of butane as a feed 

sirable under private 


ATOM NUCLEUS 
DESCRIBED AS FUZZY 


\ new description of the nucleus of 
an atom was provided recently by two 
physicists at Columbia University. Ex 
periments by James Rainwater and Val 
Fitch indicate that the nucleus is dense 
at the center and diffuse toward the 
Hereto- 
fore scientists have thought of the atom 


other words, fuzzy 


edges; in 


nucleus as a sphere of uniform density 
with sharply detined edges 
Measurements — by Rainwater 
Fitch using w-mesons produced by C 
lumbia’s 385,000,000-electron-volt sv 
chrocveclotron indicated a nuclear radius 
15° smaller than that found 


> 
rofe t 
Professor 


discrepancy 1s cx 


in earlier 
experiments, and Rainwater 
believes that the 
plained by assuming the true structure 
of the nucleus to be fuzzy edged. Sizing 
i nucleus may therefore be difficult 


(Continued on page 60) 
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BROWN FINTUBE 


Tank Suction Heaters and Line Heaters 
Offer Many Outstanding Advantages 


Brown Fintube Hairpin Bundles Show- 


Brown welded fintubes provide much greater heating surface ing tho Banding of Altemnate Tubes 
that Eliminates Baffles and Assures 


per foot of length than plain bare pipe or tubing. Consequently Unchetructed Flow. 


these heaters transfer more heat — at lower temperatures — 
assuring faster, more efficient heating without damaging the 
material or causing coking and build-up on the heating surface. 


Metal bands placed around alternate fintubes in the bundle 
prevent the tubes from interlocking. This eliminates baffles 
and tube spacers that create back eddies and stagnant areas that 
encourage fouling;—and permits the fluid to travel through the 
longitudinal passages of the fintubes in close contact with the 
fins and center tubes — at low pressure drop. 


Tank Suction Heaters that mount on a tank nozzle or the 
tank shell — also Line Heaters for pressure or suction service. 
Sizes 5’’ to 24” in diameter and 4’ to 24’ in length. Send for 


Bulletin No. 521. It gives full details. Hairpin Bundle Assembled in Shell 
Showing Mounting of Tube Sheet 
Between the Shell and Head. 





ROWN —Ke BOF | 


Secthene! Heet Tank Suction Hooters 


INTUBE na a 
° Elyria, Chia 


Process Heeters Tenk Meeters Fived Indirect Meoters 


NEW YORK * BOSTON * PHILADELPHIA * PITTSBURGH * BUFFALO * CLEVELAND © CINCINNATI * DETROIT * CHICAGO © ST. PAUL © ST. LOUIS © KANSAS CITY 
MEMPHIS * BIRMINGHAM * NEW ORLEANS * SHREVEPORT * TULSA « HOUSTON © DALLAS * DENVER * LOS ANGELES * SAN FRANCISCO © and ST. THOMAS, ONT. 
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FUTURE MEETINGS AND SYMPOSIA OF A.1.Ch.E. 


Cheirman of the A.I.Ch.E. Program Committee 


Loren P. Scoville, Jeflerson Chemical Co 


260 Madison Ave., New York 16, N. Y. 


MEETINGS 


Annual—St 
13-16, 1953 
TECHNICAL PROGRAM CHAIRMAN: J. J. Healy 
Jr Assist. to V. P., Monsanto 
1700 S. 2nd St., St. Louis 4, Mo 


Lovis, Mo., Hotel Jefferson, Dec 


Chemical Co 


Washington, D. C., Statler Hotel 
1954 
TECHNICAL 
Armistead, Jr 
Armistead & Co 
ton 6. D. ¢ 


March 8-10 
PROGRAM 
Consult 


1200 18th St 


CHAIRMAN 


Chem 


George 
George 
Washing 


Eng 
N.W 


Springfield, Mass., Hotel Kimball 16-19 
1954 
TECHNICAL 


Asst 


May 


PROGRAM CHAIRMAN: &€ 
to Res. Dir., The Dorr Co 


B. Fitch 
Westport, Conn 


Ann Arbor, Mich., Univ 
Mich., June 20-25, 1954 
Engineering 

TECHNICAL PROGRAM CHAIRMAN: DL. Katz 
Dept. of Chem. and Met. Eng., Univ 
2028 E Bidg., Ann Arbor, Mich 


of Mich., Ann Arbor 


Conference on Nuclear 


chairmar 
of Mich., Eng 
Glenwood Springs, Colo., Hotel Colorado, Sept 
12-16, 1954 
TECHNICAL 


PROGRAM CHAIRMAN: Prof. C. H 


Dept. of Chem of Denver 


Denver 10, Colo 


Eng., Univ 


Prien 


Annual—New York, N. Y., Statler Hotel, Dex 
12-15, 1954 
TECHNICAL CHAIRMAN: G. T 
Skaperdas, Assoc. Dir., Chem. Eng. Dept., M. W 
Kellogg Co., 225 5Broadway, N. Y. 7, N. Y 

ASST. CHAIRMAN: N. Morash, Titanium Div 
National Lead Co., P. O. Box 58, South Amboy 


N. J 


PROGRAM 


Louisville, Ky., March 20--23, 1955 

TECHNICAL PROGRAM CHAIRMAN: R. M. Reed 
Tech. Dir., Gas Proc. Div., The Girdler 
Louisville 1, Ky 


Corp., 


Houston, Texas, May, 1955 

TECHNICAL PROGRAM CHAIRMAN: J. L. Frank 
lin, Res Humble Oil & Refining Co 
P. O. Box Bayytown, Texas 


Assoc 
1111 


Lake Placid, N. Y., Lake Placid Club, Sept. 25-28 
1955 

TECHNICAL PROGRAM CHAIRMAN: L. J. Coul 
thurst, Chief Proc Wheeler 


Corp., 165 Broadway 


Designer, Foster 
New York 6, N. Y 


Statler Hotel, Nov. 27-30, 1955 


Detroit, Mich 


SYMPOSIA 


Distillation 


CHAIRMAN: D. £ 
Technological College 


MEETING--St. Louis, Mo 


Holcomb, Dean of Eng., Texas 
Lubbock, Tex 


Dust and Mist Collection 
CHAIRMAN: C. £ of Chem 
Ohio State Univers-ty, Columbus 10, Ohio 
MEETING-—St Mo 


Lapple, Dept Eng 


Louis 


Drying 

CHAIRMAN: L. E. Stout 
Washington Univ., St. Louis 5, Mo 
MEETING—St Mo 


Dept. of Chern Eng 


Louis, 


Use of Computers in Chemical Engineering 
CHAIRMAN 
Res 
trial Research 


MEETING -St 


John R. Bowman, Head, Dept. of 
Chem., Mellon Institute of Indus 
Pittsburgh 13, Pa 


Louis, Mo 


in Phys 


Heat Transfer 
CHAIRMAN: D. L. Katz 
Ann Arbor Meeting) 
MEETING St. Louis, Mo 


Chairman (Address: See 


Carbonization 
CHAIRMAN: R. S 
Dept 
burgh 19, Pa 
MEETING St 


Prod 
Pitts 


Rhodes 
Koppers Co Inc 


Asst 
Koppers 


Mar 


Bidg 


Louis, Mo 


Industrial Waste Disposal 
CHAIRMAN: K. S. Watson 
Treatment, Mfg. Facilities 
Electric Co., 202 State St 
MEETING-—St. Louis, Mo 


Waste 
Gen'l 
N.Y 


Coordinator 
Dept 
Schenectady 


Serv 


Mixing 
CHAIRMAN: J. H. Rushton Dept of Chem 
Tech 


Eng 


Illinois Inst. of Chicago, Ill 


MEETING Washington, D. C 
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Patents 

CHAIRMAN: W. C. Asbury 
Co 5 W. 5st St New York 
MEETING— Washington, D. C 


V. P., Std. Oil Dev 
19, N. ¥ 


Chemical Engineering in the Fertilizer Industry 


CHAIRMAN: G. L. Bridger, Head, Dept. Chem 


& Mining lowa State Ame: 


lowa 


MEETING 


Eng College 


Washington, D. C 


Liquid Entrainment and Its Control 
CHAIRMAN: H. E. O'Connell, Ethyl Corp., P. O 
Box 341, Baton Rouge, La 


MEETING—Washington, D. C 


Nuclear Engineering 
CHAIRMAN: D. L. Katz 
See Ann Arbor Meeting 
MEETING—Ann Arbor 


Chairman (Address 


Mich 


Reaction Kinetics 

CHAIRMAN: N. R. Amundson, Dept 
Eng., Univ. of Minnesota, Minneapolis 14 
MEETING—New York, N. Y 


of Chem 
Minn 


Gas Absorption 
CHAIRMAN: R. 1 
Univ 
MEETING 


Pigford, Div. of Chem 
of Delaware, Newark, Del 


New York, N. Y 


Eng 


Centrifugation 
CHAIRMAN: J 
Eng Univ 


Dept 
Kan 


Chairman 
Lawrence 


O. Maloney, 


Chem of Kansas 


Nucleation Processes 
CHAIRMAN: E. L. Piret 
of Minn., Minneapolis 14 


Dept. Chem 
Minn 


Eng., Univ 


Agglomeration 
CHAIRMAN: A. P. Weber, International Engi 
15 Park Row, New York, N. Y. 


neering, Inc 


Chemical Engineering Progress 


Submitting Papers 
Members 
A.LCh.E to present papers 
it scheduled the Institute 
should follow the following procedure 
First, write to the Chairman of the 
\..L.Ch.E. Program Committee, addre 
at the top of this page. A carbon of the 
letter sent to the Chairman should als 
go to the Program Cl 
ot the uu wish to 
ent the 
should 


and nonmembers of the 


who wish 


meetings ot 


urmat 


pre 


carbor 


it which ve 
Still 
Editor of Chemical 
] J Van Ant 
New York 


meeting 


paper. another 


pel l cl 


eduled for a sy 
omewhat differ 


letter should go to 


posia the procedure is 
ent. A carbon of the 
the Chairm: 


of the Chairman of the 


in of the Symposia instead 


Technical Pro 


gram, since symposia scheduled for 


meetings only when ire con 


ind approved by the urman 

Program Committee 

Before Writing the Paper 
Before begini write 


hould 


irl il 


ing to your pape 


obtain trom the meeting 
from the office of the Se 
retary A.1.Ch.E., at 120 East 41st 
St.. New York, a copy of the A.I.Ch.1} 
Authors, and Guide to Speak 
These cover sential 


papers to 


(suide to 


for submu 
Ch.1 


ion ot 
or its magazines. 

Copies of Manuscript 

must 
yuld 
the sym 
Pre 
of the meeting at which 
If no 


live copie ot each mat uscript 


be prepared or One shi 


le ent ( 


meetings, 
hairman of 
posium, and one to the Technical 
gram Chairmat 
l@ symposium is scheduled 
hould 
Pechnical Program Chat 
opies should be sent to 
since manuscript 

1 


posium is involved, the two copic 
be sent to the 

Dhe 
the Editor 


automatic lly considet 


other c 

othce 
for publication 
Chemical Engineering Progress, or 


the symposium series of Chemical Eng 


neering Progre but 


meeting 1s no guarantee that 


presentation 
they 


le iccepted 


Deadlines for Meetings 
DEADLINE DATES 


ST. LOUIS MEETING—August 13, 1953 

WASHINGTON, D. C. MEETING—November 8, 
1953 

SPRINGFIELD MEETING—Janucry 9, 1954 

ANN ARBOR MEETING—February 15, 1954 

GLENWOOD SPRINGS MEETING--May 12, 1954 

NEW YORK MEETING—August 12, 1954 

LOUISVILLE MEETING—November 20, 1954 

HOUSTON MEETING—definite dates 
been set 

LAKE PLACID MEETING—definite dates have not 
been set 


DETROIT MEETING—July 27, 1955 


hove not 
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Cutaway drawing shows how J-M Weather-Protected Insula- B® 
tion is applied to tanks such as those at the S. D. Warren Com- 
pany paper mill. Standard methods for mechanical securement 
of the insulation are used. Asbestocite sheets are then applied 
over the insulation, in accordance with the simplified Johns- 


Manville specification. 


A (Above) Completed job of J-M Weather-Protected Insulation 
on black liquor tanks of the $. D. Warren Company. 

(Right) Skilled applicators of an outstanding J-M Insulation - 
Contractor, P. S. Thorsen Co. of South Boston, Mass., applying 


Asbestocite sheets over Zerolite insulation, 


S. D. Warren Company saves fuel, reduces maintenance 
on outdoor tanks with J-M Weather-Protected Insulation 


On black liquor tanks of the S. D. Warren Company 
paper mill at Cumberland Mills, Maine, Johns-Manville 
Weather-Protected Insulation pays a “double dividend”: 

It saves money on fuel and maintenance. ]-M 
Zerolite* insulation keeps the heat in... thereby saving 
a substantial amount in fuel costs. J-M Asbestocite*, a 
strong asbestos-cement sheet material, covers the Zero- 
lite Insulation to protect it both from the weather and 
from wetting due to normal plant operations. This 
“bodyguard” layer of Asbestocite Weather Protection 
makes the tanks virtually maintenance-free and helps 
hold down operating costs. 


It helps provide close temperature control. The 
temperature of black liquor in these tanks must be 
maintained so that it will flow freely and not clog up 
pumping apparatus. J-M Weather-Protected Insulation 
helps do the job dependably and economically. 





Whatever the operating temperature of outdoor tanks 
and vessels, Johns-Manville offers the right insulation 
for application under the Asbestocite weather protec- 
tion. For example, J-M 85% Magnesia Insulation is also 
widely used for this service because of its proved per- 
formance for temperatures to 600 F, 


To be sure that the insulation and its weather pro- 
tection is properly applied to pay the greatest return 
on your investment, J-M offers the services of experi- 
enced J-M Insulation Engineers and J-M Insulation 
Contractors. These men stand ready to give you an 
insulation job that will more than pay off your initial 
investment through maximum fuel savings. 


For further information about J-M Weather-Protected 
Insulation, write to Johns- Manville, Box 60, 
New York 16, New York. In Canada, 199 Bay 


Street, Toronto 1, Ontario. *Reg. U.S. Pat. Of 


Johns-Manville First 1~n INSULATION 
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Secretary’s Report sre 


S. L. TYLER 


As it w: 
meeting of the 
July, the necessary actions were 
by mail ballot. The Minutes of the Ex 
ecutive Committee Meeting of June 15 
Candidate 


impracti il to hold a formal 
Executive Committee in 


handled 


were approved whose 


name June issue of 
ag, OE with one ex 


elected to the 


appeared in the 
ception, were 
grades of membership in 
In addition to this list, 


Student 


twenty 
member elec ted, 
total Student member 


dicated 
nine wel 
which brings the 
hip to 1,808 

R. P. Milford was appointed repre- 
entative of the Knoxville-Oak 
section replacing J Shacter on the 


Membership committee \. P. Weber 


was appointed a member of the Program 


Ridge 


( ommiuttee, 

Two elections were rescinded because 
ot nonacceptance 

Two memberships were discontinued 


because of nonpayment of dues, and 
three resignations were iccepted 


J. S. McClure and W. T. 


were placed on the 


W ood- 


mencey Suspense 


ULTRA-DEIONIZER 


Produces Highest Quality 
Mineral-Free Water 


This remarkable 
mixed-bed ion exchange unit 
produces deionized water for less 
than 25 cents per 1000 gallons 
(based on 10 grain water). 


FEATURES 
Replaces Distillation 
or Evaporation 
— at 1% to 10% of the cost 
Removes All lonizable 


Impurities 


— including CO, and silica 

Up to 44% Greater Capacity 
— double-check design 

Requires Minimum Space 

— lower investment cost 


Write for Bulletin 512 


t because of having entered the 
Forces 

. A. Brown, L. A. Chabot, J. J. 
Foster, B. F. Schrader, Jr., and D. E 
Wollscheid have been removed from the 
Suspense List since they had completed 


their tour of duty in the Armed Force 








CANDIDATES 


(Continued Jrom page 34) 


Mergens, Edward Harold, Queens Village, N. Y 
Meyer, Richard D., Louisville, Ky. 

Michel, Philip R., Saginaw, Mich. 
Milholland, Dick E., Fort Wayne, Ind 
Miller, Edward, Bronx, N. Y. 

Mingle, John O., Oakley, Kan. 

Minushkin, Bertram, Brooklyn, N. Y 
Montanye, Harry E., Philadelphia, Pa. 
Mosier, Chas. F., Jr., Middletown, Ohio 
Myers, Hal H., Shaker Heights, Ohio 
Neesbye-Honsen, O., New Castle, Del. 
Niehaus, Robert F., Cincinnati, Ohio 
Nodorp, Richard W., Arlington Heights, Ill. 
O’Brien, Donald L., So. St. Paul, Minn. 
Oldham, Arthur F., LeRoy, N. Y. 

Oschell, Robert G., Philadelphia, Pa. 
Paddock, Charles, Butler, N. J. 

Paredes, Edward A., Highland Park, N. J. 





single tank, 


wt 
ts 


is 
Met 





ZEOLITE WATER SOFTENERS 
New Bulletin 611 describes “Double-Check” type water 
sofcener that delivers up to 44° more soft water. Also covers 
complete line of equipment and treatment for any water 


conditioning need. Write for your copy. 


See article on “‘Mix- 
ed-Bed lon Ex- 
change” this issue. 








PLGIN 


SOFTENER CORPORATION 
180 North Grove Avenve, Elgin, Hlinois 
WATER CONDITIONING SINCE 1908 
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Parente, Emil J., Long Island City, N. Y. 

Parkes, John D., Niagara Falls, N. Y. 

, New Hyde Park, N.Y. 
Peoples, Leo Clark, Columbus, Ohio 
Prendergast, Harry W., Manchester, N. H. 


Pennepacker, Jesse G., Jr 


Price, Jerry L., LaMarque, Tex. 

Pugh, Ralph A., Richland, Wash. 
Rankin, Sidney, Baltimore, Md 
Rathmann, Clyde L., Corning, N. Y. 
Reed, John Charles, Newark, De/ 
Reinhart, Richard D., Austin, Minn. 
Reinmuller, Ernest, Dayton, Ohio 

Riley, Frank G., Spring Gap, Md. 
Rinker, John R., Terre Haute, Ind 

Risch, Robert A., Milwaukee, Wisc 
Ritter, Robert L., Louisville, Ky. 
Rodowsky, John Charles, Baltimore, Md 
Rome, Richard M., Rockland, Mass 
Rose, Vernon A., Audubon, lowa 
Rosenbluth, Murray J., Philadelphia, Pa. 
Rue, Loring W., Jr., Paulsboro, N. J. 
Rule, Harold E., Kingsport, Tenn 

Ryan, Francis J., Philadelphia, Pa. 
Saile, George O., Cincinnati, Ohio 
Sandler, Henry J., Philadelphia, Pa 
Sashihara, Thomas F., E. Cleveland, Ohio 
Savage, Howard H., McAlester, Okla. 
Schlarb, James A., Brazil, Ind. 

Sharp, Hugh T., New York, N. Y. 
Shulko, Richard M., Binghamton, N. Y. 
Simms, David M., Taunton, Mass. 
Simpson, Hugh C., Cambridge, Mass. 
Sjogren, Roy G., Philadelphia, Pa 
Skorko, Joseph J., Camden, N. J. 
Skrivan, Joseph F., Baltimore, Md. 
Smith, Theodore R., Charleston, W. Va. 
Snyder, Marshall T., Drexel Hill, Pa 
Spillane, Robert G., Hastings, Mich 
Squires, Paul H., Madison, Wisc. 

Stahl, Albert, Cincinnati, Ohio 

Stein, Seymour Samuel, Richmond, Va. 
Stewart, William J., Indianapolis, Ind. 
Stone, Francis X., Gibbstown, N. J 
Subtelney, Daniel G., Springfield, Mass 
Swanson, W. M., LaGrange, Ill. 
Tartaron, Garland J., Ishpeming, Mich 
Thomas, Richard |., Webster Groves, Mo. 
Townsend, Robert W., Brockton, Mass. 
Truscott, Thomas B., Huntsville, Ala. 
Unger, Harold, Bronx, N. Y. 

Vershon, Seymour M., Jr., Holyoke, Mass. 
Vogel, Harry, Jamaica, N. Y. 
Wahimann, Gilbert E., St. Louis, Mo 
Waters, C. William, Clarksburg, W. Va. 
Weover, John W., Haddonfield, N. J. 
Weover, Robert Edgar, New Orleans, La. 
Weight, George W., Evanston, II/ 
White, Lionel N., Nashua, N. H. 
Whitsel, Calvin V., Borger, Tex 
Wielinski, Lawrence A., Swanton, Ohio 
Wiesenborn, Robert Fred, St. Louis, Mo. 
Wilczynski, Philip T., Nekoosa, Wisc. 
Williams, Glen A., LaPorte, Ind. 

Wilson, James E., Jr., Belfast, Maine 
Wilson, Stafford L., Fort Sam Houston, Tex. 
Wittkopf, Warren A., Seattle, Wash. 
Wong, Franklin K., Clarkston, Wash. 
Wood, James E., Jr., West Chester, Pa. 
Wszolek, Edward J., Springfield, Mass. 
Zbinden, Harry W., Cranford, N. J. 
Zwicky, John F., Richmond Hill, N. Y. 
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At the Excello Paper Products Co., Inc., Cincinnati, fea- 
turing Crane Diaphragm valves on white water piping to 


cylinder tanks on paper machines. 


THE CASE HISTORY 


Just previously, the plant had resorted to filling white 
water tanks manually with hose lines. . . so annoying 
and costly had been the trouble with valves formerly 
used in this service. Many had been tried, but none 
could handle the solids and fibers that built up in the 
bonnets and seats between tank fillings. Almost im- 
mediately, the valves became inoperable and leaked 
at the seat. 

Keeping up with valve maintenance, the messy floors, 
and the safety hazard of white water leakage was an 
endless task. That’s when the plant turned to the hose 
technique. But not for long, because Crane Diaphragm 
valves remedied the trouble. They were installed about 
6 months ago. Machine room efficiency was improved. 
The white water leakage hazard to workers was 
stopped. Plant appearance was improved. And the 
Crane valves keep doing these things without a penny’s 
maintenance cost to date. 


THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 3 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 


SUITABILITY: 


“nadie Cube thigh; fob 





FEATURES: 


Sale ight hove rihore fail 





MAINTENANCE COST: 


Vant - tha mp ij Zpre 





SERVICE LIFE: 


(neep limbo lng ee Bamlepactad 





OPERATING RESULTS: 





AVAILABILITY: 


Crame Caialag iin No blo 


=~ 





THE VALVE 


Crane Diaphragm valves are 
packless; they eliminate the an- 
noyance and expense of stuffing 
box leakage. Bonnet and work- 
ing parts are sealed to fluid; sol- 
ids or sedimentary accumulation 
can't interfere. A pliable disc in- 
sert absorbs and seats tight on 
particles that cause leakage in 
other valves. Independent disc 
and diaphragm construction 
saves wear on diaphragm, and 
even should it fail, valve can be 
seated. Choose these valves from 
a wide selection of body and trim 
materials for corrosive, abrasive, 
and ordinary services. See your 
Crane Catalog or Crane Repre- 
sentative. 


/ 
for HIT), 


\ THRIFTY 


oe 


Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS = PIPE = PLUMBING + HEATING 
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YOUR FILTERING PROBLEM 


A SPECIAL ONE? 


Then it’s even more important that you find out what PORO-STONE filtration can do. Shown 


© permanent filter media 


ADAMS 


PORO-. STONE @ backwash without disassembly 


@ ‘‘pockaged"’ ready for use 
e with or without filter aid 


FEATURES 


R. P. ADAMS CO., INC. 


aa SPUN TRAYS 
Tutho-Duyor 


CONTINUOUS, VERTICAL, TRANSFER TYPE 


for SENSITIVE FOOD PRODUCTS 


High 
efficiency 
Low 
maintenance 
Easily accessible 
for 
quick cleaning 


alse suitable for 
COOLING and TOASTING 


Write for Bulletin! 


WYSSMONT 
COMPANY 


Agents in 42-05E 


27th Street (Bridge Plore South 
Principal 


New York 
Cities 


Long Isiend City ! 


below is an Adams packaged plant for 
continuous filtration af molten phospho 
Whether “special” or “standard” 
your filtering problem is met by experi- 
enced engineering and competent pro 
duction at R. P. Adams. 


Write for Bulletin No. 431 


240 PARK DR. 
BUFFALO 17, WN. Y. 


rus. 





LEFAX «xx 


POCKET SIZE TECHNICAL 
DATA BOOKS $] EACH 


Printed on loose leaf, six hole, 6%” x 
3%” bond paper, each book contains 
about 140 pages of technical data, pre- 
senting condensed, accurate and essen- 
tial data for the student, engineer, tech- 
nical worker and business man. 


Hydraulics 
Surveying 
Mech. Drawing 
Machine Design 
Machinists’ Data 
Piping Data 
Surveying Tables 
Trig-Log Tables 
Metallurgy 
Analytic 
Chemistry 
Highway 
Engine ring 
Mechanics of 
Materials 
Power Trans. 
Mach’y. 
Thermodynamic 
Tables and 
Charts 
Phys. and 
Thermody- 
namic Data 
Phys. and Org. 
Chemistry 


Architecture 
Home Heating 
INuminatien 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditiening 
General Math. 
Math. Tables 
Physics 
Chemical Tables 
Metals 
Gen'l. Chemistry 
Reinforced 
Concrete 
Building 
Construction 
Radio 
Television & FM 
Electricity, AC 
Electricity, OC 
AC Motors and 
Generators 
Transformers, 
Relays, Meters 


Write for FREE Catalogs (over 2000 list- 
ings). See for yourself how helpful LEFAX 
can be to you. Send $1 for each book, or 
$5 for any six books listed above. to: 


LEFAX Dept. CP-12 Philadelphia 7, Pa. 
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NEWS 


(Continued from page 54) 


VISCOSITY-DENSITY 
DATA ISSUED BY A.S.M.E. 


Comprehensive data on the viscosity 
ind density of more than forty lubricat 
ing fluids ae 60 
425° F 150,000 
lb have been collected 
volumes entitled “Pressure 
Report” issued by the A.S.M.1 

The 


density measurements were carried out 


at temperatures trom 


and at pressures up to 


sq.m. in two 


Viscosity 


pressure - temperature-v1 cosity 


at Harvard University under the advice 


of a board composed ot expert irom 


universities, laboratori 
the 


and equipment-building industri 


government 
petroleum, synthetic lubricant 
These 
measurements have bee Nl entered on IBM 

} 
ot 


ind 


which may be ob 


A.S.M.I it a nominal 


punch cards, sets 
tained from the 
charge 

The complete data are also available 
A.S.M.E., 29 West 39 Street 
18, N. Y., at a cost 


two volumes 


from the 
New 


lor the 


York 


EMPLOYEES’ FUND BUYS 
CONTROL OF A. D. LITTLE 


Arthur D 


by the 


Controlling interest 


Little 


in 
Inc., was acquired recently 
trust, karl P 
lent, an | 


son stated, 1 


employee retirement 


Stevensol pres! nounced 


Mi 


ely of prot 


company SLeV 


larg 


since our 


posed 
success 

depends in part upor ty 
it is fitting that the hould 


have a stake in the Company’s corporat 


our stati stant 
success.” 

Among the h 
the 
held in trust for the 
Massachusetts Institute 
Proceeds from the 
to $1,300,000, will be 
Arthur Dehor 
M.1.7 


othicials said, that support ot 
] 


ire ot com 


bought by employee 


those 


retained 


Littl 


, and iti expected 


existing und tor 
the 


Institute 


benefit of 


educational and researc] project chietl 


of chemical engimeet 


in the department 


ing and chemistry will be continued. 


CHEMICAL ENGINEERING 
FEDERATION FOR EUROPE 


(Chemica 


\ Europe in Federation of 


Engineering inaugut 


| 
lune 20, 1953 
promoting Europe in 
chemical engineering and equipt 


scientific ind technical 
Yugoslavia, ‘ 
The Netherlands, 


Switzerland were 


seTMIAnNnY 
] 


Spain, 
Portuga 
represent 
auguration. Headquarters 
ation are it Maison de 
Rue Saint-Dominique, P 


inkfort 


chema-laus, Fr 


Rheingauallee, 25 
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TECHNICAL PROGRAM 


(Continued from page 20) 


Wednesday, Sept. 16, 1953 


TECHNICAL SESSION NO. 9 


Symposium on lon Exchange 


9:00 A.M.—FUNDAMENTAL FACTORS IN ION 
EXCHANGE PROCESS DESIGN, W. C. Bauman 
Dow Chemical Co., Midland, Mich 


9:40 A.M.—MIXED BED DEIONIZATION AT 
HIGH FLOW RATES, J. R. Caddell and R. | 
Moison, Du Pont Co., Wilmington, Del 


10:10 A.M. — A PRACTICAL SEPARATION 
YTTRIUM GROUP RARE EARTHS FROM GADO- 
LINITE BY ION EXCHANGE, F. H. Spedding and 


J. E. Powell, lowa State College, Ames 


10:40 A.M.—CONTINUOUS COUNTERCURRENT 
1ON ADSORPTION AND STRIPPING USING ION- 
EXCHANGE RESINS, W. W. Koenig, A. L. Babb 
and Joseph L. McCarthy, University of Wast 


ington, Seattle, Wash 


11:10 A.M.—GENERAL NUMERICAL SOLUTION 
FOR SOLID DIFFUSION IN FIXED BEDS, J. B 
Rosen. Forrestal Research Center, Princeton Uni 


versity, Princeton 


TECHNICAL SESSION NO. 10 
General Technical Program 


9:30 AM.—HEAT TRANSFER AND FLOW FRIC- 
TION CHARACTERISTICS OF POROUS MEDIA, 
J. E. Coppage and A. L. London, Stanford Uni 


versity, Stanford, Calif 


10:00 A.M.—HEAT TRANSFER TO GRANULAR 
MATERIALS—SETTLED BEDS MOVING DOWN- 
WARD OVER HORIZONTAL TUBES, |. 1. Moody 
R. L. Pigford, and N. A. Copeland, Humble Oil 
& Refining Co., Baytown, Tex 


10:30 A.M.—NATURAL CONVECTION HEAT 
TRANSFER AT REDUCED PRESSURES, ). R. Kyte 
A. J. Madden, and Edgar L. Piret, University of 


Minnesota, Mineapolis 


11:00 A.M.—FREE CONVECTION MASS TRANS- 
FER AT VERTICAL PLATES, C. R. Wilke, C. W 
Tobias, and Morris Eisenberg, University of 


California, Berkeley 


TECHNICAL SESSION NO. 11 
Symposium on lon Exchange 


2:00 P.M.—ENGINEERING EVALUATION OF 
MOVING AND FIXED BED ION EXCHANGE 
PROCESSES, N. K. Heister, R. K. Cohen, and 
R. C. Phillips, Stanford Research Institute 


2:30 P.M.—HYDROXIDE CYCLE OPERATIONS 
WITH STRONGLY BASIC ANION EXCHANGE 
RESINS, R. M. Wheaton, Dow Chemical Co 


3:00 P.M.—COUNTERCURRENT ION EXCHANGE 
WITH GROSS COMPONENTS, 1—IN AN 
EQUILIBRIUM STAGE CONTACTOR, N K 
Heister, R. C. Phillips, and R. K. Cohen, Sta 


ford Research Institute, Stanford 


(Continued on page 65) 
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Nobody bu ys 
TANTALUM 


except 


for One reason: 


ECONOMY! 


<p een is immune (not merely resistant) to 
any of the following: 


hydrochloric acid, 
bromine, iodine, hydrogen peroxide, nitric acid 
and perchloric acid. ‘This immunity eliminates, at 
its source, the many headaches of corrosion— 
shutdowns, lost produc tion time, repairs, repla¢ C- 
ments, product contamination or spoilage, fume 
damage, and a host of other cost/y corrosion results. 


In hundreds of installations, tantalum has 
proven its economy over all other materials used 
or tested. Because tantalum is immune, light gauge 
construction is used, eliminating expensive frame- 
work and supports. Tantalum, being a metal, is an 
excellent heat conductor, saving steam or cooling 
water, permitting closer process controls. Experi- 
enced Fansteel engineers can tell you, quickly, 
whether or not tantalum could help lower your 
production costs. 


Use Tantalum with economy for most acid solutions 
and corrosive gases or vapors except HF, 
alkalis, or substances containing free SO;,. 


Ask for a copy of our free h voklet 
** Acid-Proof Tantalum Equipment for Chemical Operations” 
FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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MOLE SPACE au on one tor 
MOFE CXTIDILOLS any s00 
CASILY ACCESSIDLC ccoreaty tocar 


Ideas 


Equipment 


Methods 


Techniques 


Processes Materials 


Developments 


Chemists and chemical engineers will find an unequalled oppor- 
tunity to get first hand information from the men and companies 
who have contributed to the advances in the fast moving chemical 
industries. Years of chemical processing knowledge will be con- 
veniently assembled under one roof in this greatly enlarged 
exposition. The progressive exhibitors represented will have 
technically staffed displays designed to make this exposition 


more informative than ever. 


Nowhere can you get so much valuable information on the 
latest developments in the chemical processing industries, in so 
short a time and so vividly. PLAN NOW TO ATTEND. 


4™ EXPOSITIO | 
oF 
CHEMICAL INDUSTRIES 


ESTABLISHED 1915 


| NOV. 300 DEC. 5 | 


COMMERCIAL MUSEUM 


and CONVENTION HALL 


Application forms 


INTERNATIONAL EXPOSITION COMPANY, 480 LEXINGTON AVE., 


Page 62 


@ aise 


for hotel accommodations are available by writing to 


NEW YORK 17, N. Y. 
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SAN FRANCISCO MEETING 


(Continued from page 19 


Academy « 


of animals in the adjoining 


Science 
neal by Japane 


a cup ot 


to the 
in dining ro 


comers 


Sc! umble 
San Fram 
ioned Tor 


however Phe 


called the Wall St: ; 
a cluster of sky s centered around 
Montg: Street Around the Bay 


are dotte d tactori 


crapel 
mery 
ind industrial plants 
in which the chemical industry is promi- 
nently represented 


For 


Bay 


many years 

Area has been an outstanding cen 
Across the 
the University of 
the 
world-famed Stanford Univer 
Francisco State College 


city, as is the University of San 


ter of academic institution 
Berkeley is 
California 


Bay in 
Down Peninsula is 
ity. San 
is located in the 
Fran- 
which was founded in 1855 by the 
Mills College in East Oakland 
founded in the oldest 
Missis- 


cisco 
Jesuits 
was 
college for women west of the 


SIppt. 
Plant Trips 
The following trips are planned to ac- 


with the 
They are 


quaint the visiting engineers 
chemical industry of the area. 


scheduled for Tuesday, Sept. 15 


1. Standard Oil Company 
Richmond plant. 
of California, Radiation 


f California, 


University 
Laboratory. 


The Richmond Refinery of Standard 
Oil is spread over approximately 1900 
acres. More than 1,000 different prod- 
ucts are manufactured here from petr 


leum. A general tour will be made of 
the refinery including the new crude unit 
and vacuum flasher, wax plant, packag- 


plant, Thermofor 


ing and catalyti 
cracker 
A complimentary luncheon will be served in 


the Standard Oil Company cafeteria 


The 


vers Of Caltfornia ts one 


of the Uni- 
of the best- 
Visi 


l be given an introductory lecture 


Radiation Laboratory 
known centers of atomic research 
tors wu 
on the various machines and points of 
ll include the cyclo- 
tron and the new bevatron. 


interest. The tour? 
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2. Shell Development ( ompany Labora- 
tories, Emeryville 


( lgate Palmolive-Peet | Berk- 


Shell's Emeryville re center 1s 


the largest organization of its kind on 


the West Coast. Research and enqineer- 


ing development are carried out on a 
variety of | vems ini lds of petro 
leum techy nthests 


from petroleum Some eighty of 


the professional staff can bi 

chemical enqineers. The tour will 
, 

clude the f t piants 


mstrumentati 


and giass b wing, | ls and lubrica 


engineering, f cation lab 


A complimentary luncheon will be served in 


cs appl 
ppl 


the Shell cafeteria 


Uccupyi 
Pittsh 


mayor 


will be served at the plant cafeteria 


tern DD 


furesque winert 
Charles Krug will be 
A picnic lunch will be served under the old 


oak trees along with a wine-tasting program. 


Visitors to the We 

search laborat 

ing laboraté 

for food 

tural prodi 

and tested 

essing lab 

and test sa 

spected. Si 

under labora 


shown 
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An Important 
Wire Cloth 
Check Point 


MESH 
COUNT 


t follows that when you are 
screening material to get solids of a definite size, the accuracy of 
your end product depends on the accuracy of the mesh you use. If you 
think you are using a screen with 0.012” openings, when in reality 
you are using a screen with openings measuring 0.0185” (both of 
these openings are possible in 40 x 40 mesh cloth), the size of your 
product may not meet your process specifications. 


Newark Wire Cloth is consistently accurate. Our slogan ‘Newark 
for Accuracy” is not just words—it's a true description proved again 
and again over our more than 75 years of experience in making 
wire cloth. 


We make wire cloth accurately woven from all commercially used 
metals in sizes ranging from 4 inches (space cloth) to 400 mesh. 


We catalog some 5,400 different combinations of wire gage and 
mesh. Let us quote on your requirements. When writing, please give 
us details on your process. 


Send for our New Catalog E. 


ewark 


ire Gloth 


COMPANY 
351 VERONA AVENUE + NEWARK 4, NEW JERSEY 


Page 63 





How tomake LOCAL SECTION NEWS 


ACCURATE ANNUAL SYMPOSIUM 
pH, CHLORINE, NEW YORK SECTION 
PHOSPHATE, ae naks af Maken 


Nlateri 


NITRATE TESTS |)!" 


TAYLOR 
COMPARATORS 


You can make many determinations in 
seconds longest take only two min 
utes. ‘Taylor Sets are lightweight, easy 
to carry for on-the-spot tests, or you 
can use them in the lab. Each set com 


plete with accessories and reagents MANAGEMENT 


Easy G4 AeBe C FINANCING CHEMICAL EXPANSION, 


Elvea, Empire Trust Co 


A FUNDAMENTALS OF ORGANIZATION, Ernest 
e@ Fill three test 


Dale, American Management A 
tubes with sample to be an Manag we NSO 


tested and place them 


in the base MANAGEMENT CONTROLS, Arthur Tichenor 
Booz, Allen and Hamilton Co 


MAINTENANCE, Henry Shockley, Du Pont ¢ 


: 
™~ MATERIALS HANDLING, A. Strong, Americar 


Cyanamid Co 
B. Add reagent to 
middie tube only UTILIZATION OF PERSONNEL, John Burns 


American Management Assoc 


NEW MATERIALS OF CONSTRUCTION 


THE TREND TO THICK PROTECTIVE COATINGS 
S Place color slide FOR CHEMICAL EXPOSURES, 8. S. Pierce, Penn 


on base, move across c 
until colors match, and salt Manufact pinta Co 
THERE'S THE VALUE! 


NEW DEVELOPMENT IN PLASTICS FOR CHEMI- 
CAL CONSTRUCTION, G. S. Laaft, The Bolta Co 

Guaranteed Color Standards! 
Sealed-in-plastic color standards carry an THE APPLICATION OF TITANIUM AND ZIR- 
unconditional guarantee against fading that CONIUM METALS AND THEIR ALLOYS IN 
gives you complete freedom from mechani- CHEMICAL CONSTRUCTION, G. C. Kiefer, Alle 
cal inaccuracy in making determinations 
No single standards to handle. Each slide 
contains a complete set of standards for any 
one determination 


SEE YOUR DEALER. 

for equipment. Write direct for CONVEYING —A GENERAL SURVEY, Harold 
FREE HANDBOOK on pH Weil. Chain Belt Co 

and Chlorine control in 34 basi 

industries. Also illustrates and 


_™ describes all Taylor Sete NEW DEVELOPMENTS IN CONVEYING, R. V 


Jackson, Hewitt Robins Co 
W. A. TAYLOR % 


2 RODGERS FORGE RD. + BALTIMORE-4, MD 


gheny Ludiam Steel Corp 


SOLIDS HANDLING 


SOLIDS HANDLING AT NICARO, CUBA (Speaker 


to be announced) 
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ALL-DAY MEETING 
IN PULLMAN, WASH. 


The Columbia Valley Section was host ot a 
recent all-day meeting at the New Student 
Union Hall, Pullman, Wash. The order of exer 
cises for the day included a banquet at which 
A. A. Janos, General Electric Co., Hanford 
Atomic Products Operation, Richland, Wash., 
was master of ceremonies. The speaker at the 
banquet was George T. Austin, head, chemical 
engineering department, Washington State Col 
lege. His talk was titled “Modern Chemical 


Engineering Education 


The popers presented were as follows 


A STUDY OF THE VARIABLES DETERMINING 
THE FLOWRATE OF GRANULAR MATERIALS 
THROUGH A HORIZONTAL ORIFICE, F. © 
Frank 


hemica 


AN APPROACH TO CYCLONE DESIGN, 


Munr Monsanto Chen al ¢ seattle 


SOME ASPECTS OF CHEMICAL ENGINEERING 
IN NUCLEAR PLANTS. W. J. Dow'ls (Pre 
by W. D. Ambrose), General Ele 


ford Atomic Products Operat 


UTILIZATION OF SYNTHETIC LUBRICANTS IN 
AIRCRAFT, F. G. Dean,, Boeing Airplane C 


Seattie 


TIME, MOTION, AND METHOD CONSIDERA- 
TIONS FOR CHEMICAL PLANTS, K. A. Clark 
General Electric Co., Hanford Aton Products 


Operation, Richland 


CALCULATION OF CORROSION RATES FROM 
CATHODIC PROTECTION CURRENTS, P. A 
Johnson and A. L. Babb department t chen 


ing, University of Washington, Seattle 


TEFLON WELDING, H. G. Henry, General Electric 


Ce Hanford Atomic Products Operation 


INERT GAS SHIELDED TUNGSTEN ARC WELD- 
ING, E. B. LaVelle, General Electric Co., Hanford 


Atomic Products Operation, Richland 


NEW GROUP TO FORM 
IN NAUGATUCK VALLEY 


roup ¢ I chemi il eng nee Is now 
process of forming hemical 
engineet n the ~w Haven and 
Naugatuck Val ire th the intent 
of athhating eventuall 
with the A.I.Ch.1 
meeting will be held u 


Sterling Cl 


turther 


“sponge 
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The final dinner meeting of the year of the 
Twin Cities Section, a party especially for the 
wives, was held at Napoleon's in St. Paul, Minn 
Corsages for the ladies were furnished by Minne 
sota Mining & Manufacturing Co., and other 
gifts were supplied by that company and Rayette 
Inc., Economics Laboratory, and Pillsbury Mills 
Inc. Ninety-eight engineers and wives attended 
the dinner and listened to Helen Hallbert, home 
economist from General Mills’ Betty Crocker 
Kitchen, discuss one of the most important kitchen 
tools, baking pans. It was scientific enough to 
interest the engineers and practical enough to 
interest the wives, according to the reporter 


R. W. Batey 


TELA yen 


ntinued fr 


3:30 P.M—ION EXCHANGE EQUILIBRIA OF 
SODIUM CHLORIDE, POTASSIUM-CHLORIDE, 
WATER, AND DOWEX 50, J. A. Whitcombe 

Banchero, and R. R. White, University of 


gan, Ann Arbor 


4:00 PM.—EXPERIMENTAL INVESTIGATIONS 
OF ION EXCHANGE MECHANISMS IN FIXED 
BEDS BY MEANS OF AN ASYMPTOTIC SOLU- 
TION, L. Lapidus and J. B. Rosen, Forrestal Re 


search Center, Princeton 


TECHNICAL SESSION NO. 12 
General Technical Program 
2:00 P.M.—LIQUID FILMS IN VISCOUS FLOW, 
Melbourne L. Jackson, University of Coloradc 
Boulder, Colo 


2:45 P.M.—FACTORS AFFECTING GAS RECIR- 
CULATION AND PARTICLE EXPANSION IN 
SPRAY DRYING, J. A. Buckham and R. W 
Moulton, University of Washington, Seattle 


Wash 


3:15 P.M.—ABSORPTION OF HYDROCHLORIC 
ACID IN A WETTED-WALL ABSORBER, C. / 
Dobratz, R. J. Moore, R. D. Barnard, and R. H 


Meyer, Dow Chemical Co., Pittsburgh, Calif 


3:45 P.M.—A GENERAL GRAPHICAL METHOD 
FOR FOUR-COMPONENT EXTRACTION DESIGN, 
John €E Powers University of California 


Berkeley 
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the Furane Resin Cement that 


® RESISTS CORROSION = 
Acids, Alkalies, Solvents 


@ SETS PERFECTLY = 


Summer or Winter 


@ WITHSTANDS HEAT= 


Temperatures up to 375° F. 


Highly efficient as a mortar tor corrosion-resistant masonry, 
Resiment Is low In porosity and high in compressive and 
tensile strength. It is supplied in the form of powder and 
liquid, in propel combinations, tor mixing at time of use, 


Sets quickly by internal chemical reaction. 


Write for Folder and Prices 





DELRAC CORPORATION 134 Mill St., Watertown, N. Y. 


PUMPS 7,500, 15,000 or 30,000 psi working pressure 
@ made possible by the interchange of piston and 
IN ONE cylinder assemblies in the same pump frame 


MICRO-FLEX . <q" 


CHEMICAL PROPORTIONING 


PUMPS 


Simplex and Duplex Styles 


All liqui 


Voric 


is running: 


Piston ee 
crank or 


Chemical 


AMINCO 
SUPERPRESSURE 
PRODUCTS 


INSTRUMENTS 
DEAD-WEIGHT GAGES 
PILOT PLANTS 


DESCRIBED IN 
CAT. 406-A 


hg 
AMERICAN INSTRUMENT CO.,INC. 


Silver Spring, Maryland + In Metropolitan Washington, 0. C 
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PEOPLE 


LT — - 
a . Anson B. Nixon was 


man of the 


epaggariit! 


the naval stores 


SEND FOR PSC ee ae ee 


BUBBLE CAP BULLETIN 21.7." 


of the Washingtor 
Largest Compilation of Engineering Data. sion of the Wester 
neers, 1953-1956; al 
Lists 200 Styles Furnished Without Die Cost. soe of the Armed } 
for 1953-1954 
This standard reference contains complete ed in Bulletin 21 are furnished promptly, one Canna 
specification information for over 200 without die cost, and in any alloy to meet ; ay eer 
standard styles of bubble caps and risers. your coking or corrosion problems. Special : 63 . 1953-1954 
Also drawings for use in determining caps gladly designed; j 
methods of tray assembly. All styles list- write as to your needs. - Eric R. Braun, | 


THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. 


rinie ‘ 


4 REASONS 
WHY SYNTHETIC 
- RUBBER 
PRODUCERS @ . a 
chose a. 
Nagle PUMPS rgtenel 


it's @ pretty good chance that the syn- 

thetic rubber used in the tires on your 
car, and other synthetic rubber parts, was handled by Nagle Pumps during pro 
duction. Nagles have been selected for pumping latex in synthetic rubber plants 
for four basic reasons: 
(1) Nagle Pumps create a minimum of turbulence thus minimizing coagulation be- 
cause of their high efficiency. (2) Nagle Pumps are easily dismantled for clean- 
ing, essential in this application. (3) Stuffing box is properly designed, readily 
accessible and shafting and bearings are heavy minimizing gland leakage. (4) 
Materials of construction were specially selected for this tricky application. 
Design features of Nagle Pumps make them distinctly advantageous for many 
applications in petro-chemical plants and refineries. Six Nagle 2'/2" type “T,” 
frame 95 J, pumps are shown at a Baytown, Texas synthetic rubber plant. 


AGLE PUMPS, INC. 


1255 CENTER AVENUE, CHICAGO HEIGHTS, ILLINOIS 
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Gilbert J. Kenngott 


"HEAT EXCHANGERS) 0°: 


‘Panacoil 


Gerard But- 











nit 


John B. Calkin, « 
Here is a sage 
WELL KNOWN 
and 
aleaaial 
“BY-LINE” 
in the 


CHEMICAL PROCESS INDUSTRIES 


It means specialized experience in the 
fabrication of completely integrated heat 
exchanger units that are 


HARDINGE 
TRICONE 
MILLS 


Dependable in performance... 
Rugged in construction. . 
Designed for easy service... 


For many years we have been building 


Solvent Recovery Equipment 
Extraction Coils he promotion « Pfen- 
Evaporators 4 ul ! 
Reaction Vessels 
Condensers (for any Vapor) 
Solution Heaters & Coolers 
Exhaust Waste Heat:Boilers 
* Quenching Oil Coolers 
* Storage Tank Heaters 
,Fractionating Equipment 
Self-Cleaning Heat Exchangers 


& Gas Coolers 


‘ 
teel Reflux Condenser, * 


float ng head construction 


Poracoil designed and built 


~~ — 


Our staff of chemical and mechanical en 
gineers is available for 


5 ted ipa = tate rion Henry L. Shuldener, 
STANDARD HEAT EXCHANGERS AT oitsng eal ; 
SPECIAL EQUIPMENT 
PILOT PLANT UNITS OR 
PLANT MODERNIZATION PROGRAMS 


We cordially solicit sour inquirie- 


MN Ee 


] COMPANY INCORPORATED 
TASETH 4 NEW JERSEY NEW YOR® wiw YOR. ty ; ' 1 | 


consultation in 


Chemical Engineering Progress 





CHEMICAL ENGINEERING PROGRESS 


symposium 
series 


Latest Volume 


PHASE-EQUILIBRIA—Collected Research Papers for 1953 


No. 6 in Symposium Series, 113 pp., $3.25 to mem- 
bers, $4.25 to nonmembers 


Other Volumes 


SYMPOSIUM SERIES (8! 


by 11, paper covered) 


1. Ultrasonics—two symposia 
(87 pages; $2.00 to members, $2.75 to nonmembers 


Phase-Equilibria—Pittsburgh and Houston 
(138 pages; $3.75 to members, $4.75 to nonmembers) 


Phase-Equilibria—Minneapolis and Columbus 


(122 pages; $3.75 to members, $4.75 to nonmembers) 


Reaction Kinetics and Transfer Processes 
(125 pages; $3.75 to members, $4.75 to nonmembers) 


Heat Transfer—Atlantic City 
(162 pages; $3.25 to members, $4.25 to nonmembers 


MONOGRAPH SERIES 


8'2 by 11, paper covered) 


1. Reaction Kinetics by Olaf A. Hougen 
(74 pages; $2.25 to members, $3.00 to nonmembers) 


Price of 
allow a 10 


each volume depends on number Series 


ible 


printed subscriptions, which 


discount, make poss larger runs and nsequently lower prices 


MAIL THIS COUPON 


CHEMICAL ENGINEERING PROGRESS 
120 East 41 Street, New York 17, N. Y. 
[] Please enter my subscription to the CEP Symposium and Monograph Series. | will be 


billed at a subscription discount of 10% with the delivery of each volume 
Please send: 


| copies of Phase-Equilibria—Collected Research Papers for 1953 
Atlantic City. 
of Reaction Kinetics and Transter Processes 


| copies of Heat Transfer 
copies 

of Phase-Equilibria—Minneapolis and Columbus. 

of Phase-Equilibrio—Pittsburgh and Houston 

of Ultrasonics. 

of Reaction Kinetics. 


| | copies 
copies 
[] copies 
copies 


[) Bill me Check enclosed (add 3% sales tax for delivery in New York City) 


Address 


() Active ] Associate Junior [] Student [) Nonmember 
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FOR EXACTING LABORATORY USE 


VITREOSIL* 


Vitreous Silica) laboratory ware 
is @ superior replacement for porcelain and 
gloss and a satisfactory substitute for ploti 
num Greater chemical 


purity and high resistance to heat shock 


in many cases 


as compared to other ceramics and 
low initial cost compared to plati- 
num have led to the universal 
adoption of VITREOSIL as a sub- 
stitute for platinum, porcelain and 
other materials in many analyti- 

cal procedures 


Standard VITREOSIL 
Laboratory Ware include trans- 
unglozed 


items of 


glazed and 
evaporating dishes 


parent, 
crucibles, 
beakers, tubing, etc 


Large stock enables 
prompt shipment. 


Write for Technical Bulletins giving 


full descriptions, specifications, and prices 


THE THERMAL SYNDICATE, LTD. 


LYNBROOK, N. Y. 





PACIFIC-WESTERN 


Ayitator Drives... 


Built for years 
of economical, 
heavy-duty service! 


Fleven double reduction Pacits 
Western vertical agitator drives with 
'S HP motors occupy minimum floor 
area im installation uth capacity of 
450 tons of bleached pulp per day 
Available in single, double and triple units 
Write for Booklet No. $308 
Address your request to nearest 
Pacitic-Western othce 


Complete Engineering Service Available 


Chemical 


Engineering Progress 


whe 
Gi] = 


/ 
-~ ig 

Pacific Western 1V -64 

triple reductio 


Check these outstanding features 


vertical 
un drive und 


Vertical electric drive saves space 
Full range of ratios, from 12 to 1 
through 400 to | with DV or 

TV units 

Low speed shafts equ 
duty tapered roller bearings « 
need for separate thrust bearings 


pped with heavy 


liminate 


Lubricating systems especia 
tO meet every application 


Scavenging pump systems eliminate all 


possibility of oil leakage around 


ow speed shaft 


Modern vertical drives are considerably 


less expensive than old sty le 
right-angle drives 

Simple, compact design and 
construction reduces installation 
and maintenance cost 


Write, Wire or Phone 


WESTERN GEAR WORKS 


417 Ninth Ave., So 
Washington 
Main 0062 


Seattle, 








ly designed 


Page 69 


INSTRUCTORSHIP OR ASSISTANT PRO- 
FESSORSHIP Permanent Salary open, 
© L A S S | F | E D S E C T | O N dependent on qualifications Address in 
quiries to: Chairman, Department of Chemi 
cal Engineering, University of New Mexico 

Albuquerque, N 

Advertisements in the Classified Section of Chemical Engineering Progress are payable in 

advance, and are placed at I5c a word, with a minimum of four lines accepted. Box number CHEMICAL ENGINEERS—B.Ch.E. or M.Ch.E 
ounts as two words Advertisements average about six words a line. Members of the recent graduates or up to three years’ expe 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion rience. Must have good scholastic record 
(about 36 words) free of charge per year More than one insertion to members will be development or process experience in pe 
made at half rates. In using the Classified Section of Chemical Engineering Progress it is troleum or related fields desirable kx 
agreed by prospective employers and employees that all communications will be acknowl- cellent Be. agree mtg oe 
edged, and the service is made available on that condition. Boxed advertisements are available —— in in eres ing devel 
Juties will include process 


at $15 per inch. Size of type may be specified by advertiser. In answering advertisements al! ae wleak dnote amd ¢ 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section f ges = 

120 East 41st Street, New York 17, N. Y Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 15th of the month preceding the issue in which 
it is to appear 


tion, in a suburb of 

attractive living 

and opportunity t« pursuing graduate 
study. Box 8-8 


SAFETY AND FIRE PREVENTION ENGI- 
NEER Well-established ompany with 


multiple plant operations has 





its industrial relations 
be graduate engineer and 
Several years’ industrial 
T T P ferred. Responsible for 
SI UA lONS O EN fire prevention program 
quired Home office Chi 














SALES ENGINEER 


Filters and related equipment 


hemical Engineers 


Wanted for process engineering assignments in chemical 


and general industrial fields 
eastern Atlantic Coast 
opportunity with long-est 
facturer. Reply giving full 
plant of leading New York State manufacturer. Men with 11-8 c/o Chemical Engineering 
two to five years’ experience in any phase of chemical — 


industry are desired Positions permit and = require 





liaison with top-notch statl of development chemists to 
expand product lines in a rapidly growing business 
Work includes the operation of pilot plant equipment 





design and/or selection of factory equipment, initial 
factory production of new products, cost calculations and CHIEF ENGINEER 


trouble shooting in the plant Graduate and registered engineer with 
broad experience in designing chemical 
In reply include age, education, ex perie nee and salary destred petrochemical and other processing 
plants, to take complete charge of 
engineering department for young, fast 
growing engineering and construction 
management company Location in 
Midwest. Salary open, earnings partici 
pation after first year. Man must be 
worth more than $10,000 a year. Please 
send complete résumé to Box 12-8, 
Chemical Engineering Progress 


Box 1-8 






































GRADUATE GREASE TECHNOLOGIST 


CHEMICAL — CAREERS IN SALES 


Long-established major 


j rrease mar 
ENGINEER facturer in New York City area has FOR MEN WITH 


opening for grease technologist com CHEMICAL TRAINING 
OR CHEMIST aed to supervise manufacture of 


Applic ant must have engineer 

ing degree and actual working expe $5,000 to $25,000 

° —" ° — rience in production of highest grade 

with training in statistical end latent types greases, as well o We have immediate high paying open 
: nowledge of latest grease-making tech t 

methods which should in- niques Must be capable of working ngs for oem WO chemo Sect 

with saies department and outside grounds and sales experience or ability 


clude courses in analysis of laboratories in a technical capacity Rapid, confidential 


State fully qualifications, age, refer Write: Ruth A. Cook 


variance, mathematical ences, salary desired. Box 9-8 


nation-wide service 


CHEMICAL SALES DIVISION 
Room 506 

pling, etc. Previous indus- EMPLOYMENT COUNSEL, INC. 

trial experience desirable CHEMISTS shehinevaion ili eae 

CHEMICAL ENGINEERS 





statistics, theory of sam- 














but not necessary. Large 
chemical company located Ph.D. — M.S. — B.S. 
in Southwest. In chemistry or chemical engineering SITUATIONS WANTED 


For fundamental research, for process and 
pee A.1.Ch.E. Members 
equipment development. Large Midwes 


tern manufacturer of molding compounds, ENGINEERING MANAGER AVAILABLE — 
; s a Chemical engineer with background in 
coating resins, adhesives, and silicones. complete plant design and preparation and 
. analysis of budgets for existing and pro 
Box 4-8 Submit complete résumé and salary re- posed industrial installations Bulk of 
quirements. Box 3-8 previous experience in detergent, pharma- 
ceutical and organi chemicals fields. 
Metropolitan N. Y. preferred. Box 2-8 


Salary open. 
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CHEMICAL PROCESS ENGINEER-—B.S. 194! 
Desire morning work in New York area to 
permit study for advanced degree after- 
noons and evenings. Experienced in eco 
nomic evaluation, design, and operation of 
nitrogenous fertilizer refining natural 
gasoline and petrochemical plants If 
interested, please write for a résumé. Box 
>-8 
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Nonmembers 
CHEMICAL ENGINEER—BS ChE 
Business Administration (night classes) 
Age 29, married, high scholastic record. 
Now employed (since 1949) as project engi- 
neer by medium-sized chemical firm. De 
sire position with advancement possibilities 
in southern California. Box 6-8 


1949, BS. 
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Bernard L. Schulman has joi: 
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engineering was granted by the 
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with DOW CORNING 
ANTIFOAM A 


Use productive capacity 
now wasted on foam; cut proc- 
essing time with Dow Corning 
Antifoam A, the silicone de- 
foamer that works at concentra- 
tions in the range of: 

3 ppm 4 in recirculating cooling brines 
2.5 ppm 6 in bottling soft drinks 

2 ppm 4 in varnish cooking 
200 ppm 4 in textile resin backings 
0.4 ppm 4 in steel pickling baths 

6 Effective atremarkably low 
concentrations in a wide variety of 
foamers, Dow Corning Antifoam A 
compound is harmless physiologi- 
cally. It can be used as received, 
mixed with one of the foaming in- 
gredients or dispersed in a solvent 
for industrial applications. 

6 Equally versatile and more 
easily dispersed, Dow Corning Anti- 
foam AF Emulsion is a water dilut- 
able defoamer containing 30% 
Antifoam A. Originally designed for 
use in the food processing industries, 
Dow Corning Antifoam AF Emulsion 
has a wide field of industrial use- 
fulness. 


; yoursell 


coupon TODAY for 
iree sample 


oe Chad io 


mail 


DOW CORMING 


SILICONES 


Dow Corning Corporation 
Midland, Mich., Dept. CS-8 


Please send me data and a 


free sample of — 

Dow Corning Antifoam A or 

Dow Corning Antifoam AF Emulsion 
NAME 
COMPANY 


ADDRESS 


PTL 


ciTy. STATE 
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TEST - STUDY - CONTROL 


VISCOSITY 


As Simply, Quickly, 
Easily as Taking 
Temperature Readings 





zs 


Mield 


an SYNCHRO-LECTRIC 


VISCOMETER 


Adaptable to 
lem 
to 32,000,000 centipoi: 
L Send for free 
trated catalog 


any prob 


from les than one 


illus 


Just a flick of a switch, then 
read the Brookfield dial, and you 
have your viscosity determination 
in centipoises. The whole opera- 
tion, including cleaning up, takes 
only a minute or two. 

Available in a variety of models 
suitable for extremely accurate 
work with both Newtonian and 
non-Newtonian materials, Brook- 
field Viscometers are portable and 
plug in any A.C. outlet. Write 
today. 

Address: Dept. H, Stoughton, Mass. 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e@ ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure 
Plate Fabrication manufactured with 
trained — personnel up-to-date 
equipment. Our Engineers will 
in designing to meet require 
ments 


Vessels and General 
and 
assist 
your 


Good Design — Right Material — 
Expert Workmanship at a Fair Price. 


HEAT EXCHANGERS A SPECIALTY 
Fabricators and Designers for More 
“han 30 Years 


Write us, today, for helpful literature 








DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA 


STEEL & ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 
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Water cools 
itself with a 
C-R Chill-Vactor 


A Chill- Vactor is a three - stage 
steam-jet vacuum unit which serves to 
flash-cool water and certain other 
liquids through temperatures down to 
32° F. No chemical refrigerant is used 
There are no moving parts. Water 
literally “cools itself” by partial evapo- 
ration at high vacuum. Vacuum re- 
frigeration is usually less expensive 
than mechanical refrigeration in first 
cost as well as operating cost 

Chill-Vactors are producing chilled 
water in industrial plants throughout 
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ROLL UP TO 700 TUBE 
| JOINTS PER HOUR 


The automatic 


VERNON-ORMECO Tube Expond 
ing Machine utilizes a new controlled method of 
expanding tubes to produce uniformly tight tube 


joints. All joints are rolled to the same pre 


selected tightness-fit regardless of voriations in 
tubing or 1.D. of tube hole. This greatly reduces 


the danger of leakage and speeds maintenance 


and manufacturing jobs 


The VERNON-ORMECO Tube Expanding Machine 


operates in rapid automatic cycle Reduces 


down-time and increases tool life Extremely 


simple to operate 


Write for FREE Bulletin TX.50 


VERNON-ORMECO 
TUBE EXPANDING MACHINE 


VERNON TOOL CO., ° 


1111 Meridian Ave P.O. Box 7555 
Alhambra, Calif Houston 7, Texas 


the world. They are cooling chemical 
solutions, fruit juices, milk, whiskey 
mash, etc. Bread and other baked 
goods have been vacuum cooled suc- 
cessfully for years. Other products, 
such as lettuce. spinach, celery and 
other leafy vegetables, are being cooled 
to temperatures around 33° F. in quan 
tities up to 200 cars a day 

The Chill-Vactor is only one type of 
steam-jet Evactor manufactured by 
Croll - Reynolds Let our technical 
staff help you with any or all of YOUR 
vacuum problems 


CROLL-REYNOLDS CO., INC. 


Avenve, Westfield, New Jersey 


New York Office’ 17 John Street, New York 38, N. Y 
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A.1.Ch.E. meetings at scattered points are a good thing 


Untul comparatively recent times National meetings of 
A.LCh.E. were held only twice a year \ mecting in the 
spring was known as the semi-annual meeting and the fall 
meeting was the annual meeting, stipulated by the Constitu 
tion as the annual business meeting 

Phe growing size of our membership and particularly the 
rapid increase in the number of young members inspired 
a plan for regional meetings. The idea was to arrange each 
year at scattered number of which 
people could attend without having to travel long distances 
Keeping these regional meetings Comparatively simple would 
reduce costs to the point where large numbers of our mem 
bers could allord the transportation and fees. Since business 
organizations and educational institutions finance only just 
so Thany convention Urips, we expected to serve through in 
dividually financed regional meetings many more folks than 
would otherwise be possible. 


pots a mectings 


The resounding success of the early regional meetings 
really defeated the original purpose of the plan, in’ my 
opinion. These meetings were so well attended and drew 
from so wide an area that they never were truly regional in 
character Regional became a misnomer, as we simply 
switched to four national meetings instead of two. ‘The costs 
involved were neither as originally intended, nor compatible 
with the limited financial resources of young men. I have 
always regretted that we did not detect the trend of events 
much sooner and do something to recapture the original 
spirit of the plan. I am certain that the basic principles wer 
correct and that the need which existed then exists now 
very likely to a greater extent 

I consider it necessary that chemical engineers be given an 
opportunity to foregather occasionally to listen in a group 
to papers on chemical engineering and to discuss them in 
session and out. I believe it is a valuable experience for a 
young chemical engineer to have a chance, occasionally, to 
rub elbows with some of the great men of the profession 
men with whom he is not likely to come in contact otherwise 
I believe that out of such contacts an enthusiasm is born for 
his field which cannot be gained in any other way, and this 
sort of thing can be arranged better by A.LCh.E. than any 
other agency 

Many of our young members regularly attend Institute 
section meetings in their own localities. ‘This is good. Others 
have no opportunity to do so because they are not near a 
local section. But in any event, I have in mind something 
quite different from the ordinary Institute section program 
For one thing. I think it makes a great deal of difference 
whether one is attending an evening session after a hard 
day's work or attending a meeting lasting one or two days 
The entire approach is different. Furthermore, there is 
virtue in gathering chemical engineers from a wider area 
than is served by any one section. In several parts of the 
country, meetings are being held which embody many of 
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the clements of regional meetings, as I think of them. hese 
are arranged by one Institute section in some cases amd by 
usually 
one day. I have attended some of these and they are ex 
tremely useful. Unlike the National meetings, all arrange 
ments are made locally without recourse to the 
Program Committee or Secretary's ofhec 


several cooperating sections in. others Thev last 


Institute's 
Programs and in 
Vitation are not distributed to all Institute members. Attend 
ikthough 
visitors from afar who have somehow 


ance is almost entirely from surrounding territory 
sometimes there are 
le irned about a prog tin which holes special and possibly 
pressing interest for them. If many people from remote spots 
began to attend these meetings, then the entire complicated 
setup for handling hotel accommodations, entertainment 
and transportation problems would become necessary and 
complexity would lead to expense, programs would become 
more elaborate in order to justify long trips, and the local 
man of limited financial resources would be frozen out again 
It seems to me an inescapable fact that complex meetings 
are not necessary to the principal purposes of getting to 
gether and that complexity is especially undesirable in what 
I think of as regional meetines 

I should like to see a great many more truly regional 
meetings. Arranging one is not a tremendous task and ts 
Institute section. If 
two or more sections are close enough together to cooperate 


etlectively, so much the better 


easiiv within the abilities of a single 


Lhis is being done by sections 

in Ohio and western Pennsylvania, for example, and in 

other areas a useful 

purpos if they deliberately avoid th tng to imitate national 
Rather, they should be 


schedules of 


In my opinion such meetings can serve 
meetings geared to the purses and 
the time members of our profession who 
cannot spare larec amounts of either money or time away 
from the job. It has been my observation that almost all 
employers are glad to allow time to their workers to attend 
really worth-while sessions if only a dav on is involved, 
whereas only a small percentage of chemical engineers can 
be spared for a longer period. I have also noted that many 
employers will even underwrite expenses or partial expenses 
for comparatively large groups of chemical engineers, pro 
Chem 
ical engineers are willing to finance themselves if mecessary 
and if they believe the meeting is worthwhile 

I urge every Institute section not now active in this field 


vided the cost per head is relatively insignificant 


(and every one not active enough) to consider seriously 
undertaking alone or in cooperation with other near-by se¢ 
tions, one or more regional meetings each vear. I am certain 
that this would be of great service to our members and 


would bring into our fold a good many men who ought to 


be a part of A.LCh.I 
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If you have o specia! 
problem in heot 
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VULCAN MANUFACTURING DIVISION 


LIGHTNIN SERIFS E MIXERS, tur 
bine and paddle types, ore sup- 
plied for open or closed tonks, in 
sizes from | to 500 HP 





LIGHTNIN SERIES SE MIXERS, for 
tanks up to 5 million gallons, offer 
new easy repacking Modifications 
for every need. Sizes | to 25 HP 





LIGHTNIN PORTABLE MIXERS ore 
used everywhere to do hundreds of 
mixing jobs. Thirty models to choose 
from. Sizes “a to 3 HP 


Get these helpful LIGHTNIN Cotalogs 


This library of mixing information is yours for 
the asking. Catalogs contain helpful data on 
impeller selection; sizing; best type of vessel 
valuable installation and operating hints; 
complete description of LIGHTNIN Mixers 


MIXCO fluid mixing specialists 


WHAT HAPPENS to bubbles dur 
ing gassing — and how it can affect 
your process—is shown dramoati 
cally in ultra-high-speed photo 


» at i i 


How to make a gas bubble 
work twice as hard for you 


Notice the stream of gas bubbles 
sweeping off the mixer turbine blade 
in the picture 

Now see how the gas at the right ts 
breaking into tiny pin-point bubbles, 
with tremendous contact area 

Notice how the bubbles break up 
after they leave the turbine blade? 

The turbine doesn’t split up the 
bubbles. aS 1S commonly supposed 
But it does Cause turbulence. And tur 
bulence goes to work on the bubbles 

The turbine sets up a fluid flow in 
the vessel, too Flow 1s what sweeps 
the gas through and through the mix 
keeping gas in contact longe) 


WHAT FLUID MIXING DOES 


The right combination of turbulence 


and flow can do wonders tor your 


process. It can double the ethiciency ot 
gas dispersion 

It can help you get uniform suspen- 
sions quic kly; cut dissolving time in 
two; give you tight control of a criti 
cal thermal reaction 

Many processors are putting these 
forces to work, scientifically —with 
outstanding results. You can, too 
But you can’t do it with just any mixer 
Guesswork won't do it. You have to 
¢ sure about results 

You can be sure, when you specify 
i LIGHTNIN Mixer. Every LIGHTNIN is 
yuaranteedtodowhatyouwantittodo 

Pick out your toughest fluid mixing 
operation the one you'd like most to 
improve. Turn us loose on it. Get 
started now toward the results you 


want. Write us today 


MIXING EQUIPMENT Co., Inc. 


199 Mt. Read Bivd., Rochester 11, N. Y. 
In Canada: William & J. G. Greey, Ltd., Toronto 1, Ont. 


[_] DH-50 Laboratory Mixers 

Cj B-75 Portable Mixers (electric 
and oir driven 

‘a & 102 Top Enteri: a Miners 
(turbine ond paddle types) 

C) B-103 Top Entering Mixers 
(propeller type) 

ia B-104 Side Entering Mixers 

(_] 8-105 Condensed Catalog 
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[] B-107 Mixing Dato Sheet 
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